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by 
H. Dewhurst, A.R.C.S., D.L.C. 





Size: 83° x Sk’ 168 pages 57 figures 21s. net 

An introductory but comprehensive book for all who are interested in the fascinating subject of 

three-dimensional photography in motion pictures. The author surveys analytically the whole problem 

of adequate stereo projection, and his review of all the: practical systems is a constructive critique 
written with the authority behind it of a research physicist and producer of films. 


ELECTRONIC MEASURING INSTRUMENTS 


by 
E. H. W. Banner, M.Sc., M.LE.E., M.1.Mech.E. 


Size: 9 x 6° 416 pages 253 figures 45s. net 

Nearly every industrial or research organisation today requires to make use of measuring instruments, 

the majority of measurements being made with the help of electronic circuits. In this book the 

author surveys the whole field of electronic measurement, and the work will be of the greatest assistance 
to instrument engineers and all users of measuring instruments. 
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GG  LOW-VOLTAGE 
POWER UNIT 


This low-voltage power unit has been de- 
signed to meet the needs of science teaching 
in secondary schools and provides an effi- 
cient source of low voltage A.C./D.C. power 
for experimental purposes in science labora- 
tories. The front panel is hinged to expose 
the wiring and component parts for teaching 
and the interlocking isolation switch renders 
the unit ‘dead’ and quite safe to handle. 


The unit has been pro- A full technical specification 
duced to the require- will be sent on request 
ments of the London 
County Council Educa- 
tion Committee and is 
already in use in a large 
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number of schools 044 (\NDUSTRIE 


throughout the country 
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THE PROGRESS OF SCIENCE 


THE IMPACT OF SCIENCE ON when Russia imposed a new limit of 12 sea miles around 
INTERNATIONAL LAW her coasts for defensive reasons. 
The Unesco journal Jmpact which deals with science and What constitutes territorial limits is now of lively 
its social relations now maintains an admirable standard, interest beyond the realms of maritime and _ fisheries 
publishing studies which certainly merit the description matters; for instance, the world petroleum industry has 
‘original’. There is always originality of thought in these become much concerned about this now that submarine 
studies, which frequently handle themes that are novel oil deposits are being exploited. Important submarine oil 
and unusual. A remarkable article of this type was printed deposits have been found off the coasts of Texas, Louisiana, 
inthe Summer 1954 issue (Vol. 5, No. 2). The subject was Mexico and Venezuela, in the Persian Gulf, and off the 
“Scientific Progress and International Law’, and the Tunisian coast, in the Gulf of Gabés, in the neighbourhood 
author was Prof. Charles Rousseau of the University of | of Djerba and Kerkennah Islands. At present prospecting 
Paris, who is an expert on international law. for submarine oil has not been extended beyond territorial 
This is a subject about which very little has ever been waters, nor beyond a depth of about 700 feet, but Prof. 
written, and for most readers this article will have the Rousseau sees no reason to doubt that the steady improve- 
appeal of novelty. Many of the points in it come as~ ment of technical resources will make prospecting and 
something of a surprise. For instance, how many people exploitation of deposits feasible at greater depths. This 
realise that the ‘three-mile limit'"—the time-honoured limit development gives rise to a new legal problem; the con- 
of ‘territorial waters\—had a direct connexion with the — servation of the mineral wealth of the sea bed and the 
range of cannon? According to Prof. Rousseau, the extent strata beneath it makes it necessary to devise legal means 
of territorial waters was originally determined by technical of safeguarding the continental shelf. One international 
considerations directly based on the theory of the Dutch- settlement by treaty established a precedent in this con- 
man Bynkershoek concerning the range of cannot shot, nexion; in 1941 and 1942 Britain and Venezuela signed 
which is expressed in the adage /di finitur terrae dominium, agreements covering the exploitation of the petroleum 
ubi finitur armorum vis. Defined in precise terms in 1782 deposits in the Gulf of Paria between Venezuela and 
by the Italian Galiani, who was the first to identify the Trinidad. The 1942 treaty provides for the annexation by 
range of a cannon with the three-mile limit, this criterion the two states of the underseas areas delimited under the 
replaced for many years all previous definitions. Prof. terms of the 1941 agreement, the parties having given 
Rousseau adds the comment that “the fact that, owing to advance undertakings to recognise each other's acquisitions 
the advance of ballistics and the development of guided within the boundaries and on the conditions agreed between 
missiles, it no longer corresponds to realities, should not them. 
make us forget that for a hundred and fifty years it served Prof. Rousseau adds the explanation that this double 
as a general standard for determining the extent of terri- and parallel annexation is clearly based on the con- 
torial waters.” cept that outside territorial waters the sea bed is res 
The simple three-mile limit, even if it is not rendered  sullius (‘a thing belonging to no one’), sovereignty over 
obsolete by the 1954 decision of the International Court which can be acquired by occupation. Legal regulation of 
of the Hague on the Anglo-Norwegian dispute over fishing the exploitation of these underseas deposits has largely 
tights around Norway's coast, is a conception which has | remained a domestic matter for individual nations. Mostly 
at least suffered some corrosion around its edges. With this has been on lines similar to the action of the U.S.A.., 
the increase in armorum vis which technological progress which, by a presidential proclamation, of 1945, extended 
has brought, nations are tempted to extend their territorial its jurisdiction over the natural resources of, or beneath, 
Waters: such an extension occurred, for example, in 1950 the continental sea bed beyond the three-mile limit. In 
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is attracting the attention of international legal expe 


1950 the U.S. Supreme Court ruled that the Federal 
Government had paramount rights overriding those of 
the particular coastal states concerned (Texas and Louisiana 
in this specific case). Subsequently a special law dealing 
with these matters was passed—the Submerged Lands Act 
and Outer-Continental Shelf Act of 1953—which conceded 
the rights of coastal states over the adjacent maritime 
areas, while establishing a reserve of crude petroleum for 
the needs of national defence, and for the U.S. Navy in 
particular. 

International law referring to the atmosphere and the 
stratosphere is even more intriguing. Here, says Prof. 
Rousseau, “it must unfortunately be recognised that the 
development of legal speculation has not kept pace with 
that of scientific discovery”. The first attempt to define 
air boundaries was the Paris Convention of 1919 which 
asserted “that each power has complete and exclusive 
sovereignty over the atmospheric space above its territory. 
This principle was extended after the conquest of the strato- 
sphere. Prof. Rousseau comments in this connexion that 
“the discrepancy between the boldness of the stratospheric 
navigators and the timidity of the jurists is appreciable’. 

Other legal problems arose when radio transmitters 
came into and the activities of the various 
broadcasting stations are co-ordinated in accordance with 
the Copenhagen Convention allotting specific wavelengths 
to specific countries which came into force in 1950. The 
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The exploitation of submarine oil deposits is a good example of a technological development that 
rts. This photograph shows part of the underwater oil 
yield at Lake Maracaibo in Venezuela: the presence of underwater oil in that region was first discovered, 
by Royal Dutch Shell, in 1922. 


gas created. In 1936 a convention was signed under the 
auspices of the League of Nations on the use of radio in 
the interests of peace. That convention was signed }) 
28 states and came into force in 1938. According to this 
convention, signatory governments were bound to prohibit | 
on their territory any broadcast inciting the inhabitants of 
a foreign territory to acts incompatible with domestic 
peace or public security. This convention has been more | 
honoured in the breach than the observance; to quote Prof. | 
Rousseau, this convention codified *‘a fine programme, 
which it would be invidious to compare with the reality o! 
the years that followed”! In 1950 the United Nations 
Assembly adopted a resolution condemning interference— 
more popularly called ‘jamming’—with foreign broadcasts 
as an infringement of the individual's right to freedom of 


information. There is incidentally an article in the Inter: | 
national Communication Convention which states that all | 


Stations must be established and operated in such a manner 
as “not to result in harmful interference to the radio service 
or communications of other members”. Unfortunatel) 
‘jamming’, being organised by governments, comes within 
the category of ‘acts of government’ against which there 
can be no remedy at law. (A moment's thought will bring 
the realisation that the biggest infringements of humat 
liberty are bound to come from acts of governments.) 
390 
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SCIENTISTS IN EXILE 

“Tolerance and intellectual freedom cannot be established 
once for all in human society, but demand continual watch- 
fulness and effort.” With these words Professor A. V. Hill 
concludes his epilogue to a story that had to be told, the 
story of how Britain—and subsequently other free countries 
—took steps to provide jobs for the scholars who suffered 
fom the systematic Nazi persecution that started in 
Germany in January 1933. 

The heartening story began two months later when 
Lord Beveridge was relaxing in a Viennese café and had 
his peace of mind upset by overhearing someone reading 
from a newspaper. The news item being read gave the first 
list of professors sacked by Hitler. There and then Lord 
Beveridge realised that something must be done. He 
accordingly started in a small way at his own London 
School of Economics with a fund contributed by his staff 
Some weeks later he went to Cambridge and found that 
scholars there were very disturbed at the developing situa- 
tion in Europe. Moreover, Lord Rutherford, already a 
sick man (he died a few years later), was prepared to act as 
the figurehead of any movement calculated to help exiled 
scholars, most of them scientists. 

Within a few days there appeared in some newspapers 
a letter proposing a central fund. It was signed by forty 
leading scholars. 

Only one of them, Professor S. Alexander, the philo- 
sopher, was a Jew. The movement was indeed a sponta- 
neous one of British intellectuals; whether the exiles to be 
helped were Jews was irrelevant. 

Thus was born the Academic Assistance Council, which 
changed its name in 1937 and became known as the 
Society tor Protection of Science and Learning. It was 
linanced by university teachers, many of whom made 
regular contributions from their modest salaries, and by 
the general public after a great and historic meeting at the 
Albert Hall, presided over by Lord Rutherford and present- 
ing as the chief attraction Albert Einstein. In the first two 
years the Council raised £30,000 for its work of rescue. 
This organisation was given office accommodation by the 
Royal Society, and it was helped by the universities and 
learned societies in the highly important task of getting 
refugee scientists back at work in their own specialisms. 
By 1938 it could report that it had found permanent work 
lor about 550 scholars in 38 different countries, and 
temporary work for another 330. 

The monetary grants made to refugees without posts 
land posts were few indeed in the lean 30°s) were small 
enough even by utility standards—£250 a year for a married 
scholar, £180 for an unmarried one. Even so, many of the 
assisted immigrants somehow contrived to live with such 
austerity that they could spare something out of their small 
salaries to help other less fortunate refugees. It is no 
exaggeration to picture a refugee scientist of the time, 
eminent internationally, no longer young, crouched over 
a book in his mean bed-sitting-room, zealously learning 
his new language, English, in which he would have to 


Speak and write for the rest of his life. 


British Jews also went into action. Their Central British 
Fund raised several million pounds from fellow Jews be- 
‘ween 1933 and 1939. The Jewish Professional Committee, 
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formed to help academic and _ professional refugees, 
often helped the non-Jewish Society for Protection of 
Science and Learning by supplementing grants and by 
providing maintenance for refugee scientists who were able 
to pursue their researches. The very first scientist helped 
was E. B. Chain, the Russian-born chemist, who later won 
part of a Nobel prize for his pioneer work on penicillin. 

The Federation of University Women and the Inter- 
national Student Service both contributed in their own 
fields and soon other countries followed. There was the 
Comité des Savants in France, where the self-effacing 
instigator was Russian-born Louis Rapkine, and the lead- 
ing scientist was the famous Jean Perrin, a Nobel prize- 
winner. The Comité International was formed in Switzer- 
land under outstanding academic leaders, a committee 
designed to help the professional refugees—doctors, 
lawyers, writers, and so on. German refugees formed their 
own organisation—Notgemeinschaft deutscher Wéissen- 
schaftler im Ausland. This was based first in Zurich, but 
‘ater in London. America formed its Emergency Com- 
mittee for Aid to Displaced German Scholars. 

Just as the rescue work became international, so the 
sources of exiles increased. Germany, where Hitler boasted 
that Germany could do without scientists, provided most. 
Then came Austria and Czechoslovakia. Italy followed 
suit and organised racial persecution. Dictatorship drove 
freedom-loving scholars from Spain. Russia expelled 
scientists to whom she had at first given asylum. Other 
countries began to feel the pinch. The stream of exiles was 
swollen by those from the countries overrun by Germany 
during the war, and communist dictatorship has added 
to it since. In fact, the universities and research establish- 
ments of the world have taken part in what is the most 
extensive and important exodus of European scholars ever 
known, a mass migration of many thousands. 

It has meant personal loss and hardship to most of them. 
To the countries of their origin it has meant an incalculable 
loss of scholarship and expert knowledge, in both science 
and technology. This loss has been a compensatory gain 
to the rescuing countries. On the atomic bomb project in 
America the names of refugees made the list of nuclear 
scientists look like, as Waldemar Kaempffert of the New 
York Times once said, an Ellis Island immigrant list— 
Fermi trom Italy, J. Franck and O. Stern from Germany 
(all of them Nobel prize-winners), O. R. Frisch from 
Germany, Bohr from Denmark, Frederick Paneth from 
Austria, F. E. Simon from Germany, R. E. Peierls from 
Germany, and so on. Others who worked on nuclear 
physics were Rotblat from Poland, Furth from Czecho- 
slovakia, Kurti from Hungary, Kuhn from Austria. 

Many of these names will be familiar to our readers for 
they belong to men who now hold important posts in 
Britain. They are physicists; they have been singled out 
for mention because they have all been concerned with 
nuclear physics. It would be invidious to select any other 
short list from the many who grace our universities and 
research establishments. Twenty of the refugees have 
become Fellows of the Royal Society; forty-three of them 
are professors in British universities. No learned journal 
can be read without seeing the un-English names of men 
and women who fled to freedom and were helped to do so 
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by people whose passion is freedom and whose love is 
knowledge. Even the lapse from grace which tollowed 
Dunkirk and which led to the panic internment of aliens 
was redeemed by the great work of people like the late 
Eleanor Rathbone, who with Josiah Wedgwood fought the 
Government's spokesmen to a standstill in parliament and 
eventually forced the release of the unhappy internees. 

Now the story has all been told by Norman Bentwich, 
formerly professor of International Relations at Jerusalem, 
ina book entitled The Rescue and Achievement of Refugee 
Scholars, published from the Hague by Martinus Nijhoff. 
It is a tale boldly set down, and it is perhaps all the more 
convincing a document because of its lack of emotion. All 
the same, there is still another story, the human story, yet 
to be told. There is a hint of it in Prof. Bentwich’s record 
of the two who escaped from France with their precious 
luggage of heavy water and of Bohr’s escape in a fishing- 
boat at night. But it is no more than a hint. The fully 
detailed human story has yet to be related. 

On the whole, the British record of assistance for the 
refugee scholars has been a bright one, for help was most 
readily provided when it was most urgently needed. But 
pride in this record is slightly tinged with regret when one 
discovers that some of the exiles find they cannot afford 
to continue to live in Britain on retirement from their 
university posts. In recent months several of these men 
who have rendered distinguished service to Britain have 
been forced to return to the Continent because they have 
no adequate pension on which to live in retirement. The 
cost of removing the economic necessity which drives them 
back to the Continent would not be enormous, and to 
refuse it is surely a case of “spoiling the ship for a 
ha’porth of tar’. 


FOSSIL INSECTS 

When most people think about fossils they visualise the 
bony remains of vertebrates or the calcareous shells of 
molluscs and brachiopods. The extensive fossil record of 
the insects is something that scarcely crosses their mind, in 
spite of the fact that ‘amber flies’ are so well known. 
Altogether about half a million specimens of fossil insects 
have been collected, and some 13,000 species of fossil 
insects have been formally described, ranging from the 
Upper Carboniferous upwards. Many thousands of 
research papers have been written, but very few compre- 
hensive surveys of insect palaeontology have been pub- 
lished. A valuable article dealing with this subject has now 
appeared in the latest volume of Science in Progress (Eighth 
Series: New Haven, Yale University Press; London, 
Oxford University Press; 284 pp., 48»s.). This 
written by Prof. Frank M. Carpenter of Harvard Uni- 
versity, Who has been studying fossil insects for a great 
many years. 

The best known insect fossils are those which have been 
preserved in the fossilised resin Known as amber from the 
coniferous forests of northern Europe, the Mediterranean, 
and North America. These ‘amber flies’, though far more 
numerous than the specimens of fossil insects found in 
shales and other rock strata, are too recent to tell us 
much about insect evolution, save that species which are 
today confined to the tropics once lived in these now cool 
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regions of the earth. The oldest of these ambers are by 
50-60 million years of age, belonging to the early part of 
the Tertiary. Many of the species of some insect orders. 
like the Formicidae (ants), found in these ambers are 
virtually indistinguishable from those we know today. 
This particular part of the insect fossil record suffered 
grievous loss in the bombing of the German city of 
KoOnigsberg, where some 100,000 specimens of amber 


insects kept in the Albertus University were destroyed in|_z 





an air raid. 


The earliest known fossil insects date back to the Upper | ‘4 


Carboniferous (250 million years ago): perhaps a few 


specimens belong to the Devonian (350 million years ago),}’: 


though this is doubtful. The knowledge gained from the 


study of this record, when combined with our knowledge}- 


of the modern insect fauna, enables a fairly definite picture 











of four main stages in the evolution of the insects to be} # 


drawn. 


In the first instance the insects were wingless creatures, 
like the modern members of the sub-class Apterygota, and] 4 
grew to adult maturity through a series of nymphal forms}; 
in each of which the nymph became more and more like}, 


the adult stage. The development of the wingless insec 
was thus the first stage in insect evolution. Unfortunate) 
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AGE IN FIG. 3 (top left). An early dragonfly, , he Sle, 7 es a - 
LLIONS Protolindenia wittei, trom the Juras- ‘ ¢ * y: ee 
OF YEAR‘ . . . ’ 7? 2 #5, ee 
———— sic of Bavaria. Enlarged 1} times. ‘ + hs? ee 
. ‘ e s 
HG. 4 (up right). A neuropteran, , Tey 
Lithosmylus — columbianus, — trom a , ie 
Miocene shales of Colorado. It ee : Stes 
60 belonged toa family, the Osm) lidae, ; eel a 
” Which is now extinct in N. America. > ilies 
Enlarged 13 times. xe 
v “4 ¢ 
. . ? 
, HG. 5 (right), A snakefly, Raphidia 2: 
mortua, trom Colorado’s Miocene we 
- Shales. This genus tis no longer i } 
A found in N. America. Enlarged ‘sa ; . | 
S times. . Nas , ' di te, j ‘ 
f f . ; ght ns Srl _ 
te , * 
~ a * ‘ ; ‘ - . 
60 
- their very lack of wings prevented them from flying out _ if the insects had not taken to the air before the vertebrates, 
——""~ | over water: there was therefore littlke chance of their they might never have successfully attained flight”. 
drowning and thereafter becoming embedded in the silt of Something of the way in which those first wings may have 
229. | the lake or river bottom; for this reason scientists have developed can be seen in some of the fossil insects of the 
found no more than two or three specimens of fossil Carboniferous period. These insects, now totally extinct 
— Apterygota, other than those preserved in Baltic amber. and known as Paleoptera, had a pair of membranous flaps 
< seman The second stage in the evolution of insects was the containing veins and hairs, coming out from the back of the 
development of wings. (It seems almost certain that the _ first segment of the thorax, while the second and third 
cate acquisition of wings in insects happened only once; it does segments bore the true wings. The wings may well have 
~~ | not seem to have occurred as the result of parallelevolution originated as flaps like these. The first wings, whose 
_ inseveral groups of insects.) It is not known precisely when _materialisation represents the second great stage in insect 
27 | the first winged insects appeared, but three specimens of evolution, were hinged in a simple fashion; they could be 
’ winged insects, each belonging to a different order, have moved up and down, but they could not be folded back 
27) = ong . ; _ . . 
=“ been found in the lowest Upper Carboniferous strata, over the body. The dragonflies and mayflies have such 
Which suggests that this development probably took place wings today, and these insects die as they must live, with 
as early as the Lower Carboniferous period—i.e. about their wings spread out. This is perhaps the reason why 
480. »300 million years ago. In any case, those three specimens fossil, but extinct, relatives of the dragonfly creatures 
satel lived many millions of years before the reptiles and the are conspicuous in the geological record. 
insects : a ‘ ‘a . sete : , ‘ , 
case birds took to the air. As Prof. Carpenter remarks, “‘it Is The third great stage was the development of the com- 
ce the Intriguing, though futile, to reflect on the possibility that — plex articulation which enabled the wings to be folded back 
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over the body, thus permitting the insect to run through 
the undergrowth and hide amongst the vegetation without 
damaging its wings. 

Fossil insects belonging to this group of flexed winged 
insects, or Neoptera, appear in the Upper Carboniferous 
rocks. But as Prof. Carpenter points out, it must have 
been in the Mesozoic, when the flying reptiles and birds 
appeared, that these flexed-winged insects first achieved 
the maximum advantage over their relatives, the Paleoptera. 
For as soon as flying predators became abundant, the 
ability to hide in foliage or under objects on the ground 
became of prime significance. 

The fourth and last great stage that is recorded in the 
evolutionary record of the insects is the development of 
a complete metamorphosis during development, in which 
the earlier stages, or grubs, bear little resemblance to the 
final adult form. The origins of this development are also 
ancient, for two orders of modern insects—the Mecoptera 
(scorpion-flies) and the Neuroptera (alder-flies, snake- 
flies, lacewings and antlions)—in which complete meta- 
morphosis occurs are represented in the Lower Permian 
strata of 220 million years ago. 

The insects of the Carboniferous were primitive creatures. 
The Carboniferous fauna included several extinct types of 
insects resembling mayflies, and in addition members of an 
unusual order of dragonfly-like insects, the Megasecoptera, 
some of which had spiny thoraxes and coloured markings 
on their wings. 

Amongst the best known of these early winged insects 
are probably the giant dragonflies (Protodonata) which had 
spiny legs and large jaws. Some of them had a wing span 


of 2} feet. But with the exception of this group, we know of 
no fossil insects greatly larger than those we know today, 
One now extinct order which retained the flaps on the first 
segment of the thorax, the Protohemiptera, had long 
suctorial beaks, rather like those of some of the present. 
day sucking bugs. Cockroaches were present, as were the 
representatives of a large and diverse range of Protorth. 
optera, ancestors of the modern grasshoppers and locusts, 

By the early Permian, the dragonflies, mayflies, antlions. 
caddis-files, true-bugs (Homoptera), and bird lice (Mallo- 
phaga) were rubbing shoulders with representatives of nine 
orders of insects which are now extinct. By the end of the 
Permian, the true bugs had become dominant insects, and 
the stoneflies, thrips and beetles had appeared. Indeed it 
was at this period that the insect fauna probably reached 
its greatest diversity. 

Some 50-80 million years later the Hymenoptera (bees, 
wasps and ants) appeared, along with the flies (Diptera), 
The first record of the butterflies and moths in the rocks, 
dates back only as far as the early part of the Tertiary 
period, that is, barely 60 million years ago. 

The record of the insects’ evolution which has been traced 
in the rocks is obviously still very far from complete. For 
example, there is no doubt that the termites are an ancient 
group of insects, and yet no fossil termites earlier than the 
Tertiary have been discovered; almost certainly, older 
forms will be found when the insect palaeontologists 
extend the range of their researches. It may be added a 
good deal of work remains to be done on the fossil insect: 
already collected, quite apart from the fact that new fossil 
specimens are continually being uncovered by field workers. 





HELICOPTER DEVELOPMENT 
By Our Air Correspondent 


London is next year to have its first helicopter service, and 
already the Air Transport Advisory Council has given its 
blessing to the first projected cross-Channel helicopter 
service. On the military side British helicopter firms have 
received Government orders for over two hundred rotating 
wing aircraft for the Royal Navy, the Royal Air Force and 
the Army. But as yet we are only on the fringe of the so- 
called “Helicopter Age.’ 


It will be several years before the big cities of 


Europe, British and Continental, are linked by  bus- 
frequency helicopter services. Three years ago I wrote in 
DiscOVERY “So we see that though a considerable start ts 
being made, we have not yet arrived at the helicopter age. 
There is still a lot of work to be done.’ And, frankly, the 
position has not altered very greatly. 

Development of the rotating wing aircraft has been 
slow indeed, and it seems that this type of aircraft is still 
quite a long way from reaching the stage where economic 
helicopter passenger services can be operated. 

In recent weeks we have seen the opening of London's 
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first city-centre helicopter station at the South Bank site. 
From here, next spring or summer, British European 
Airways are to start a service which will carry passengers 
to London Airport eight times a day each way. They are to 
use the Westland-Sikorsky S-55, an American-designed 
helicopter built in Britain under licence, and making use ofa 
British engine, the Alvis “‘Leonides’. B.E.A., who have long- 
term plans to link the major cities of Britain and the not- 
too-far-inland European capitals in a network of helicopter 
services, have been rather forced into the position of start- 
ing up a Central London service with single-engined 
machines. This they were once determined not to do. 

As a compromise the S-55’s are to be fitted with floats so 
that in emergency they could alight safely on the Thames. 
The new helicopter regulations which permitted the 
opening of the South Bank make it obligatory to follow the 
course of the river through the built-up area. 

Safe enough, but hardly economic. The extra weight of 
the floats will reduce the payload considerably. 

Already the Corporation are operating a_ helicopter! 

















e know of 


OW today, 
in the first 
had long 
e present- 
> were the 
Protorth- 
id locusts. 
, antlions, 
‘e (Mallo- 
es of nine 
2nd of the 
sects, and 
Indeed it 
y reached 


era (bees, 
(Diptera), 
the rocks, 
> Tertiary 


een traced 
ylete. For 
in ancient 
r than the 
ily, older 
ntologists 
» added a 
Sil insect: 
new fossil 
1 workers. 


3ank site. 
European 
assengers 
hey are to 
-designed 
1g use ofa 
ave long- 
1 the not- 
relicopter 
1 of start- 
e-engined 
» do. 

1 floats so 
- Thames. 
itted the 
‘ollow the 


weight of 


1elicopter 





OCTOBER 1954 DISCOVERY 








HG. |. The Westhand-Sikorsky S-55 CWhirlwind’), now in tull production by Westland Aireratt. The rotor 
diameter is 53 tt. The ordinary range (on 150 gallons of fuel is 400 nautical miles: with auxiliary tanks this 
figure can be increased to a thousand miles. Phe cruising speed is about 60 m.p.h. 








HG. 2. The jet-powered Hughes XH-17. The rotor blades of this helicopter describe a circle over 125 ft. 
in diameter. This aircraft weighs about $2,000 Ib... and has a payload of 27,000 Ib. which is intended to 


be slung below the central nacelle. 
40 miles. 


Maximum speed ts 80 m.p.h.; the cruising speed ts 40 m.p.h.; range ts 
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service from London Airport to Southampton, using 
Bristol 171’s. It is giving them valuable additional operat- 
ing experience, but they cannot do it otherwise than at a 
loss. Between airports a light aeroplane service with some- 
thing like the twin-engined de Havilland Dove would 
provide a much quicker and cheaper service. The sole 
usefulness of the helicopter is its ability to take off from and 
land in the confined spaces of a city. Take away this 
advantage by forcing it to be used from airfields up to an 
hour’s coach ride from the city and the helicopter has no 
real civil application whatsoever. 

It is the helicopter’s ability to override the need for 
surface travel to airports that makes it so attractive as 
tomorrow's form of short-stage air travel. A_ recent 
demonstration flight by a Sabena (Belgian Aijrlines) 
American-built S-55 from the heart of Brussels to the South 
Bank, proved that it is quicker to fly all the way at 75 m.p.h. 
than to fly from airport to airport in a 250-miles-an-hour 
airliner involving coach travel at either end. 


THE FIRST INTERNATIONAL SERVICES 


Already on the Continent, Sabena have begun the world’s 
first international services flying from their tiny ‘airport’ in 
the heart of Brussels to cities in Holland, France and 
Germany. But neither they nor British European Airways 
are prepared to start cross-Channel passenger services with 
single-engined machines. Nor are Silver City Airways, the 
independent concern who have just been granted permission 
to begin cross-Channel operations when they are ready. 
They, of course, plan to have big car-carrying helicopters 
ultimately to take the place of their freighter aeroplanes 
now operating their popular car ferry services. 

It is to America that the Belgians are looking for bigger 
helicopters for the Brussels-London services. And until 
these big twin-engined machines are available in quantity, 
either from U.S. or British factories, the real “Helicopter 
Age’ cannot arrive. When the Belgians are ready to start, 
Britain will have to be ready too. Both Sabena and 
B.E.A. have hinted at a joint arrangement by 1957, but 
it does not look as if Britain will be able to supply the 
aircraft. 

If the British aircraft industry has pointed the way to the 
‘Jet Age’ in air travel, America undoubtedly leads tn heli- 
copter design and production. The Sikorsky concern, a 
division of the United Aircraft Corporation, has already 
produced the S-56, a twin-engined helicopter. Primarily 
this has been designed for military purposes, but it could be 
used equally well to carry 35 passengers. Designer Igor 
Sikorsky has already planned a 50-seater, and says that 
the 100-seater helicopter is not far away. 

The S-56 and the Piasecki H-16, the biggest so far (it 
carries 40 people) look like providing Europe with the first 
cross-Channel helicopters. There no comparable 
British aircraft likely to be ready before either of the 
American types could be made available to civilian 
operators. The Sikorsky, which flies at over 150 m.p.h., ts 
about the same size and weight as the Dakota fixed-wing 
aeroplane. The Piasecki, called the ‘Transporter’, has a 
fuselage 78 ft. in length and has an all-up-weight of over 
0,000 Ib. It can carry 40 soldiers, or 32 stretcher cases, or 
jeeps. 
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Using the single-engined S-55°s, America already has 
several helicopter services, notably in New York and in 
Florida. But even in the U.S.A. there is nothing yet ona 
grand scale. However, America is working hard on heli- 
copter development. Since the war over 3500 helicopters 
have been built (outside Russia, of course), and the bulk 
of them have come from American factories. They range 
from the big machines like the Transporter to tiny single- 
seat aircraft with nothing more than a framework, engine 
and rotors. 


HELICOPTERS FOR MILITARY PURPOSES 


U.S. military needs have stimulated helicopter produc- 
tion. Korea, and to a lesser extent British operations in 
Malaya, have proved the value of the helicopter. Hundreds 
of wounded men have been quickly evacuated from the 
battlefields by helicopters; vast quantities of stores have 
been flown in to the troops. 

The British Army have big plans for helicopter supply 
columns. The Navy, too, see many uses for the helicopter, 
not least in anti-submarine work. About half the 200 
helicopters on order for the British services will be 
Bristol 173°s. These, called the Rotocoach in_ their 
civil application, can seat fifteen people and have two 
Leonides engines. They are 54 feet long. One _ has 
already carried out trials aboard the aircraft carrier 
H.M.S. Eagle. Until they are available, the Royal Navy 
are to have eight American Bell HSL-1I helicopters for 
anti-submarine work. This is smaller than the Bristol, and 
its twin rotors are driven by a single Pratt and Whitney 
engine of 18 cylinders, giving 2400 h.p. 

The importance of the helicopter to the Forces has 
caused the British Government to allocate £2,500,000 for 
helicopter research and development during the current 
year——twice as much as was spent in 1953-4. 

Considerable emphasis is being put on the turbine- 
powered helicopter, and both the Fairey and Percival 
companies are building prototypes. The Fairey project, 
the Rotodyne, will be a foretaste of the ‘convertiplanes’ of 
the future, aircraft that will take off and land as helicopters 
but will make use of propellers for forward speed. The 
Rotodyne, a 40-scater, is to have two propeller-turbine 
engines as well as jets on the rotor blade tips. [It will have 
short wings, of only 40-ft. span, to give lift for its forward 
flight. 

Aircraft designers have many fascinating plans for future 
helicopter developments. Not the least is the Bell Aircraft 
Corporation’s project for a 40-seater which ts virtually a 
‘flying wing’ with helicopter blades at either end and 
cockpit in the centre. The passenger cabin is designed to 
have its windows in the wing’s leading edge. Another 
American designer has produced plans for a fairly orthodox 
fuselage with same-sized small wings fore and aft and 
with four four-bladed rotors, one at each wing-tip. Bul 
these are several years ahead yet. 

The ‘Helicopter Age’ has been slow in starting, and from 
pre-war days men’s dreams of roof-top helicopter stations 
in the world’s big cities have always been far ahead of 
practical possibilities. But clearly the time has now come 
when British helicopter development must be stimulated. 
Otherwise we shall be left behind. 
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the growth of active interest in the use of high energy 
\ray machines for radiotherapy, for all practical purposes 
nay be considered to start with the installation of a | MeV 
\tay machine during 1936 in St. Bartholomew's Hospital, 
ndon. Some two years later another | MeV machine 
‘signed to allow three treatments to be carried on simul- 
aneously was installed at the Antoni van Leeuwenhockhuis 
‘stitute in Amsterdam. While the former equipment ts 
lin daily use, and the latter was in use until very recently, 
“tir main interest lies not in their longevity, but in the fact 


adiotherapy: first was the attainment of | MeV, and 
‘ond was the attempt to treat, with a single high-energy 
machine, the maximum number of patients per day. 

In the immediate pre-war period, during the latter stages 
‘the war and since, a large number of laboratories have 





‘at they mark two very important events in the history of 
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The gantry-mounted linear accelerator at the Newcastle upon Tyne 
General Hospital has an energy rating of 3-5-4 million electron volts. 


A LINEAR ACCELERATOR FOR 
X-RAY THERAPY 


T. R. CHIPPENDALE, B.Sc.* and M. G. KELLIHER, B.A., M.Sc.+ 


been working on machines of higher energy which are 
directly usable or easily adaptable for X-ray therapy. These 
machines fall in three main groups: 
(1) Van de Graaf machines of energy in the region of 
2to 3 MeV. 
Betatrons and synchrotrons within the energy range 
4 to 70 MeV. (The microtron is not included here 
because of its very low beam current.) 
Travelling-wave Linear Accelerators in the energy 
range 4-15 MeV. 

Higher energy machines have been constructed but these 
are not considered to be readily adaptable for radio- 
therapeutic use. 


(2) 


‘aw 
— 


* Mullard Research Laboratories, Redhill, Surrey. 
* Formerly at Mullard Research Laboratories, Redhill; now at High 
Voltage Engineering Corporation, Cambridge, Massachusetts. 
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FIG. 1. This diagram shows the variation of intensity 
of ionisation produced by X-rays in matter, whose 
absorption closely approximates to human tissue, as 
the depth beneath the surface increases. As the 
energy increases, the dose at the incident surface 
decreases, but increases at the exit surface and must be 
taken into account in planning treatment in the 
Ssupervoltage range. The curves are drawn for a 
distance of 100 centimetres from the target to the 
incident surface. 
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FIG. 2. The variation of X-ray intensity as the distance 
from the axis of the X-ray beam increases. To obtain 
a uniform field of 25 centimetres diameter at 100 centi- 
metres from the target the intensity in the anial 
region must be decreased by filtration. 
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At the present time, some tens of accelerators falling into 
one or other of these three groups are in daily use for the 
treatment of patients in hospitals in Europe and the United 
States. It is appropriate first to consider the general require. 
ments involved in supervoltage X-ray therapy, and also 
how the electrical and engineering characteristics of the 
accelerators meet these requirements before going on toa 
more detailed description of the 4 MeV linear accelerator 
which recently came into use at the Megavolt Treatment 
Unit at Newcastle upon Tyne. 

REQUIREMENTS IN SUPERVOLTAGE 
THERAPY 

In general, cancer or similar tumours are characterised by 
extremely rapid growth. The object of the treatment of 
tumours by radiation is to deliver just such a dose to the 
affected area as to stop their growth; when this has beer 
accomplished, the healthy surrounding tissue will gradual 
grow into and eliminate the diseased area. The reader i 
here referred for a fuller discussion of the problem to the 
article by Professor Koller, published in Discovery, Augus! 
1949 (pp. 241-9). 

The actual mechanism by which the growth of the tumour 
is retarded is believed to be due to the production of ion 
pairs in the tissue in the process of the absorption of the 
X-rays. Clearly the best result would be achieved if X-rays 
were Only absorbed in the diseased and none in the health 
tissue. In practice, of course, X-rays are absorbed relative) 
slowly in tissue, and it is not possible physically to achieve 
the ideal, though it is possible to minimise the dose to the 
healthy tissue by the use of radiation of sufficiently high 
energy. 

Fig. | shows the relation between the intensity of ionisa- 
tion produced and the depth from the point of entry in 
material whose absorption closely approximates to humar 
tissue. At 200 KeV the maximum ionisation is producec 
at or very near to the surface, while as the energy increase: 
the point of maximum ionisation occurs at progressive! 
greater depths below the surface. 

In the treatment of deep-seated: tumours, therefore, thi 
use of supervoltage radiation will give a lower ratio of skir 
to tumour dose than is possible in the 200 KeV range 
Radiatherapists differ in their assessment of the optimur 
energy, but it is generally agreed that 4 MeV provides a ver! 
useful compromise for routine work since the technique © 
treatment is very similar to that in use at | and 2 MeV. 

An incidental advantage of this energy range is that the 
absorption coefficients of X-rays in.bone and tissue are ver) 
nearly equal, which simplifies and increases the practic 
accuracy of treatment planning. | 

The initial cost of supervoltage equipment and the cost 0 
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a suitable building for its installation is necessarily greale 
than for conventional therapy equipment. In most medic 


applications, the therapeutic effect is sensibly independent | 


of the dose rate and the effective dose delivered is simply the 
product of dose rate and time. To make it possible to trea! 
a large number of patients each day for a given capita 
investment, therefore, it is necessary that the radiation out 
put should be high to decrease treatment times; further, th 
time required to prepare the patient for treatment must als’| 
be short or otherwise the advantage of the short treatmet') 
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FIG. 3. A schematic representation of the means of accelerating electrons in the linear accelerator. The 
produce: black and grey components of the radio frequency wave indicate that the power entering the corrugated 
y Increase waveguide builds up until the power lost as heat in the walls of the guide and as power transferred to the 
yeressivel\ electrons is equal to the power from the magnetron (grey). The black and grey components cancel in the 


dummy load arms of the rat-race so that there is no power dissipation in the load when the power level 
has reached its steady value. 

refore, the 

tio of skir| time will be largely nullified. In the assessment of settingup edge; the higher the energy the greater is the loss in 
eV range) time it is necessary to remember that it is desirable that the flattening the field. 

/Optimur'! patient should be lying prone or in a comfortable sitting 

ides a Vel} position. While it is possible to use a machine with fixed COMPARISON OF DIFFERENT TYPES OF 
Shnique | beam and to prop the patient in any suitable relationship, MACHINES 

Mev. 3 this is undesirable for two reasons. In the first place it is Up to 2 MeV the Van de Graaf machine can—by using 
is that tht} more difficult to plan a treatment accurately since the posi- | gases under pressure for insulation—be made compact and 
ue are Vel!) tion of many bodily organs depends on the attitude of the easi!y mountable for rapid adjustment to any desired 
> practice) body, and secondly an uncomfortable position may place a __ position. Furthermore, the X-ray output is high and treat- 
| Considerable strain on a patient in an indifferent state of | ment times can be short. 

the cost") health and may even cause him to move during treatment. Above this energy, however, insulation difficulties became 
ily great€’) A further problem inherent in supervoltage therapy isthe formidable, and even with pressure insulation the size of the 
st medica | problem of obtaining uniform intensity over the whole area equipment makes it mechanically very difficult to use other 
dependen| to be irradiated. The polar diagram of X-radiation froma than a fixed mounting. 








simply the transmission target is a function of energy, and becomes With the betatron and synchrotron, where the use of 
ple to trea’ narrower in the forward direction quite rapidly astheenergy high static voltages is unnecessary, there is no insulation 
en capil? increases as shown in Fig. 2. problem and high energy can be quite easily achieved. On 


jation oul! To obtain uniform intensity over an area 25 centimetres _ the other hand, the problem of carrying a high beam current 

urther, th) diameter at 1 metre from the target requires the provision — as yet remains unsolved in these accelerators, and the radia- 

{ must al! ofa conical filter which attenuates the radiation on the axis _ tion Output is generally low, except in some of the very high- 

treatme!) of the cone (with 7° semi-angle) of radiation relative to the energy equipments. Even here, due to the elongated shape 
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FIG. 4. 
A Accelerator 
E Electromagnet for Magnetron Fie 
G Electron Gun 
H X\-rav he 
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of the X-ray polar diagram (in the forward direction), only 
a very small area of uniform field is usable unless the output 
is drastically reduced with a beam-flattening filter: a further 
disadvantage of this type of accelerator is that the consider- 
able mass of the magnet makes an adjustable mounting an 
expensive engineering project. 

On the other hand, the travelling-wave linear accelerator 
presents no high-voltage insulation problems, gives a high 
X-ray yield and in the 4 MeV range it is relatively small and 
light. While the magnetron and associated waveguide have 
to be moved with the accelerator proper in an adjustable 
mounting, their weight ts also relatively low. 


A 4 MeV LINEAR ACCELERATOR 


As mentioned above, the problem of providing insulation 
against very high static potentials does not arise in the 
travelling-wave linear accelerator. The basic concept of 
this type of accelerator is that the accelerating electric field 
moves with the electron and increases in velocity with the 
electron; thus from the fixed observer's point of view the 
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The general layout of components of the accelerator which are mounted on the gantry. 


J Rotating Vacuum Joint 
M Magnetron 

P Ditfusion Pump 

R Rat-race 


acceleration is provided by a travelling radio-frequenc: 
wave, but from the electron’s point of view it is always ina 
fixed, unidirectional electric field. 

Referring to Fig. 3, electrons are seen to be injected from 
the electron gun into the corrugated waveguide at 40°, o! 
the velocity of light, corresponding to an injection potenti: 
of 46 kV. Simultaneously, radio-frequency power (at 300 
megacycles) is fed from the feedback bridge through a sult: 
able mode transformer into the corrugated waveguide. From 
the characteristics of the corrugated waveguide, the peak 
axial field for a given power entering the guide can be deter- 
mined. Choosing a given fraction of the peak field, which 1s 
equivalent to an arrangement which makes the electron 
travel in front of the peak field or ‘crest’ of the wave, the 
acceleration of the electron is then uniquely determined. 

The variation of diameter of the corrugated guide can 
then be calculated so that the wave remains exactly ‘In 
step’ with the electron. 

The wave propagated in the corrugated guide, besides 
having an axial electric component, has radial electric an¢ 
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FIG. 5. This photograph shows gant 


means of levers on control 


ircumferential magnetic components: the resultant force 
on the electron due to the two latter components is radial 
and tends to cause defocusing of the electron beam. The 
force is greatest at low phase velocity, gradually decreasing 
to zero as the phase velocity becomes equal to the velocity 
of light. To counteract this defocusing effect the electron 
is caused to travel on a steady axial magnetic field whose 
value is chosen so that the electron path down the guide is a 
helix of small diameter. 





Another very important practical point in the design of 


an accelerator for therapy use is the recirculation or feed- 
back of radio-frequency power from the target end of the 
corrugated guide, which tn effect allows the overall length 
of the accelerator to be decreased. 

If an accelerator without feedback is designed so that all 
of the radio-frequency power is absorbed (either as heat 
dissipated in the walls of the corrugated waveguide or power 
‘ransferred to the electron beam), by the time it reaches the 
larget end of the corrugated waveguide the length must 
then be uneconomically long, since the power and hence the 
accelerating field will be low in this region. As a practical 
measure, therefore, it is normally necessary to waste some 
Power in waveguide load. 
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ind couch positions being adjusted by 

le setting up a patient for treatment. 
i3y ing this power back to the waveguide bridge and 
13 Hine S power Dae C © WaveLruiae ULle ale 


combining it with the power from the magnetron, the power 
level builds up to a steady value when the power supplied 
from the magnetron is equated with the power loss which 
mainly occurs in the corrugated guide. In the case under 
discussion for an accelerator | metre long and 2 megawatts 
from the magnetron, the power entering the corrugated 
guide builds up to a steady state value of 5 megawatts. It 
is of interest to note that the 2-megawatt loss is accounted 
for by approximately 60° ,, in attenuative losses in the walls 
of the guide, and 40", as power transferred to the electron 
beam. Thus, for a waveguide of the same impedance, the 
length of the accelerator is decreased by using feedback by 
approximately a factor of (5 2)-. 

The inverted U-shaped gantry mounting without and 
with its covers is shown in Figs. 4 and 5. The clear space 
between the vertical members is 13 ft. 6 in. and the height 
above floor of the horizontal member is 7 ft. 6 in. 

The gantry rotates about an axis 3 ft. 6 in. above floor 
level and is borne on two ball-races mounted on cast iron 
pedestals at each end of the gantry. 

Rotation of the gantry is effected by an oil motor followed 
by suitable reduction gearing. The main advantage of the 
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ail system is the easy way in which rate of rotation can be 
varied and the general smoothness in operation. Using 
a bypass valve speed control the rate of rotation can be 
varied manually between its maximum of 3 r.p.m. and 
one-hundredth of this speed. 

The components mounted on the gantry as seen in Fig. 4 
divide into four main groups: 


(1) The accelerator proper mounted centrally on the gantry 
and consisting of corrugated waveguide, vacuum 
envelope, focus coils and electron gun. This assembly 
is housed in a mild steel container in order to shield the 
electron path from the effect of variations in stray 
magnetic fields in the building as the gantry rotates. 
The waveguide system which also forms part of the 
vacuum system. The magnetron and also the electron 
gun, are modulated by 45-kV pulse of 2 1 sec. duration. 
To avoid difficulties in leading a 45-kV pulse line on to 
a moving gantry, pulse power is supplied to the gantry 
through a flexible coaxial cable at lower voltage to a 
5:1 step-up pulse transformer mounted close to the 
magnetron (not shown in photograph). 

The vacuum system which is pumped by a 6-in. oil 
diffusion pump through a long tube lying along the top 
beam of the gantry and a rotating joint which allows 
the diffusion pump to remain vertical independently of 
the angle of the gantry. This rotating joint is interesting 
in that it is 8 in. internal diameter and uses two 10-in. 
diameter ‘hat packings’ as seals. 

The target assembly and X-ray head which defines the 
treatment area on the patient’s skin and which is 
described below in greater detail. 
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— 
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ee 
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CLINICAL FACILITIES 

The principal advantage of the gantry mounting Is that, 
without the use of elaborate servomechanisms, it allows 
the patient to be set up for treatment more rapidly than 
with any other type of mounting. 

If the patient is placed on the axis of rotation of the 
gantry, then as the gantry is rotated to the required angle 
for treatment, the patient is automatically also at the correct 
distance for treatment. 

Further, when this mounting is used for ‘are’ therapy, 
Where the accelerator is rotated about a stationary patient, 
the advantages are again obvious. 

Of considerable importance also is the design of the 
X-ray head which is shown in Figs. 6 and 7. The function 
of the X-ray head is to define accurately the area of treat- 
ment and to reduce to a minimum the radiation received 
by healthy tissue. 

Radiation from a 2-millimetre thick platinum target Is 
restricted to an effective diameter of 5 millimetres by a 
heavy, metal cone and to a maximum irradiated area (of 
26 centimetres in diameter) at | metre distance from the 
larget by a lead cone. The restriction of the effective target 
size gives a smaller penumbra at the edge of the field of 
lreatment. 

The size of the actual treatment area is defined by moving 
lead diaphragms which allow the size of the area to be 
varied between a minimum of 5 by 5 centimetres, and a 
maximum of 15 by 25 centimetres at | metre. To further 
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FIG. 7. 
View 


This photograph shows the external 
of the X-ray head without cover. 
decrease the penumbra at the edge of the field, the dia- 
phragms move—not in a plane—but on the surface of a 
cylinder whose axis passes through the target. In this way, 
the edge of the diaphragm is always parallel to the edge of 
the cone of radiation and the ‘unwanted’ radiation near 
the edge of the cone then passes through a constant thick- 
ness of stopping material independently of the size of the 
field. 

The flattening cone is seen in Fig. 6 at the end of the fixed 
cone just above the ionisation chambers for dose and dose 
rate measurement. 

Facilities to simplify the setting-up procedure include an 
optical system to illuminate the field defined by the moving 
diaphragms. A front and back mechanical pointer system 
gives the correct distance for treatment and the centre of 
the field as it emerges on the other side of the body. 


OPERATION AND PERFORMANCE 


In equipment of the magnitude and relative complexity 
of this linear accelerator, a large number of controls and 
monitoring points are required for easy checking of opera- 
tion and servicing, while in normal routine operation only 
a few controls are in use. In order to cover these two 
requirements adequately, two control desks are provided. 
The first gives the technician a complete picture of the 
performance of the individual component parts of the 
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accelerator and is normally used only when the equipment 
is switched on for the first time in the morning. 

The second control desk is shown in Fig. 8 and is used 
by the radiographer during treatment. It provides facilities 
for switching on the radio-frequency power to the wave- 
guide, for varying the dose rate by control of gun filament 
temperature, for measuring the dose rate and for terminat- 
ing the treatment either on a basis of time elapsed or dose 
delivered. 

Operating at a pulse repetition frequency of 400 pulses 
per second, the dose rate is in the region of 250 roentgens 
per minute at 1 metre from the target on the major axis 
of the polar diagram. 

When the flattening filter is introduced into the X-ray 
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FIG. 8. The simplified contr 


desk which ts used 
normal operation ol ‘ 
accelerator for treatment 


beam, the dose rate is reduced by almost exactly a factor o! 
two. This is greater than would be expected from the polar 
diagrams in Fig. 2 and this discrepancy is attributable to 
two factors. In the first place the whole of the electron 
beam does not lie inside the 5-millimetre diameter circle 
defined by the heavy alloy cone in the X-ray head. Second) 
the X-rays generated behind and near the edge of the cone 
are not completely absorbed by the heavy metal and give 
rise to a distortion of the polar diagram with increase ir 
the axial relative to off-axis radiation. 

The linear accelerator described in this article was 
installed in the Megavolt Treatment Unit at Newcastle 
upon Tyne during the autumn of 1953, and has been in use 
in the treatment of patients since December 1953. 
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FRIEDRICH WILHELM BESSEL: 


A FOUNDER OF MODERN ASTRONOMY 


W.C. VAUGHAN, B.Sc., Ph.D. 


The rapid extension of the horizons of knowledge during 
the nineteenth century owes much to the efforts of self- 
aught men of the humblest of origins. Accounts of the 
work of such as these have an irresistible appeal not only as 
chapters in the development of ideas, but even more because 
of the insight they provide into the nature of genius. There 
seems to be no reason why Friedrich Wilhelm Bessel, whose 
achievements have gained for him widespread recognition 
as the founder of modern astronomy, should have received 
little attention from biographers, even in his own country. 
His life-work reveals qualities of originality, rigorous 
mental discipline and outstanding experimental skill which 
merit for him a status equal to that of his most brilliant 
contemporaries. These qualities are all the more remark- 
able because their evolution owed little either to training 


or to an encouraging environment in his youth. Much of 


the fascination of genius lies in those of its attributes which 
are inscrutable; its manifestations can be described but, 
more often than not, they defy analysis. It is therefore as 
oresumptuous as it is futile to speculate on the part which 
formal education might have played in the development of 
an abnormal intellect of this calibre. 

Bessel was born at Minden, Westphalia, on July 22, 1784. 
He was one of the younger children of a minor civil servant 
who, with a large family to support, could have had little to 
spare for their education. The boy's progress at the local 
grammar school was far from promising; he was difficult to 


teach, and he seemed incapable of grasping the elements of 


any subject other than arithmetic. Nothing of the latent 
ability which was to bring him fame was discernible in his 
childhood. Ironically enough, it was his mathematics 
master who recommended that his schooling should cease 
at his fourteenth birthday, and who suggested that he 
might make for himself a career as a clerk. At the begin- 
ning of the year 1799 the young lad became an apprentice 
inthe import and export business house of Kulenkamp and 
Son at Bremen. Here, in return for his food and lodging, 
he worked with diligence and devotion for the next seven 
years. 


A SELF-TAUGHT MATHEMATICIAN 


His work brought contact with merchants and mariners, 
the lore of whose callings entranced him from the first. In 
the counting house he acquired a working knowledge of 
‘everal foreign languages; in his meagre spare time he 
picked up the fundamentals of craftsmanship from his 
lriend Halle, who was a gunsmith’s apprentice. His main 
interest in these early years lay, however, in navigation. 
By 1800 he had taught himself sufficient of this subject to 
pass an examination in steersmanship at Cassel’s navigation 
school in Bremen. The thoroughness of his daily work 
carned the esteem of his employers and he seems to have 
been, in every way, a model apprentice. It is difficult to 
understand how, after his twelve-hour day in the counting 


house, he could have found the time for his many other 
interests. In this connexion, Bessel himself has written that 
tive hours’ sleep a night sufficed for his needs during the 
greater part of his life. 

Bessel’s letters to his elder brother show that by the time 
he was seventeen, although his knowledge of algebra was 
scanty, he was already fascinated by the practical applica- 
tions of mathematics. His navigational studies engendered 
a passion for astronomy, and the monthly astronomical 
bulletins which he managed to borrow from acquaintances 
gave him opportunities for trying out his meagre mathe- 
matical skill. The fundamentals of integral calculus he 
learnt from a book by Munnich, which, it has been said, 
he worked through in a week or two. By his eighteenth 
birthday, two remarkable features of Bessel’s character 
were evident to those who knew him well. He was un- 
deterred by difficulties of any sort, and he had developed an 
avid enthusiasm for doing things for himself. Despite the 
limitations of his knowledge he already realised the power- 
ful tool which mathematics could provide for his practical 
interests. The more extensive the latter became, the more 
he found it necessary to expand his mathematical know- 
ledge and skill. 

The announcement in March 1802 of the discovery of 
the minor planet Pallas by the Bremen astronomer Olbers 
prompted Bessel to an attempt to compute its orbit by 
means of a method which had been suggested by Gauss. 
This became the prelude to more ambitious studies which 
derived stimulation from the widespread interest which 
was being shown about this time in the reappearance of 
Halley's comet, and which led to the completion, in 1804, 
of a lengthy paper on the paths of comets. In July of that 
year, a chance encounter in the street with Olbers gave 
Bessel the opportunity of asking the renowned astronomer 
to look over his 330-page manuscript. One can but 
imagine the consternation of the great man and the eager 
diffidence of the obscure apprentice: the situation is cer- 
tainly not lacking in dramatic quality. Many years later, 
Bessel recounted how, scarcely believing his good fortune 
in obtaining Olbers’ almost immediate agreement, he ran 
to his lodgings and delivered the document to the astron- 
omer’s house within the hour. The exceptional merit of the 
young man’s work was at once recognised, and the follow- 
ing morning Olbers set about arranging for its early 
publication in von Sach’s Monatlichen Korrespondenz. This 
fortuitous encounter was to prove of momentous conse- 
quence. It laid the foundations of a lifelong friendship: 
from this incident the older man was to see grow a fame 
surpassing his own. Towards the end of the same year 
another important opportunity presented itself to Bessel as 
the result of a visit to Gotha on behalf of his employers. 
This, through the influence of Olbers, led to a meeting 
with Gauss at the Seeburg observatory. Here the young 
man was able, for the first time, to see some of the most 
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up-to-date astronomical equipment in the country. This 
impressed him no less profoundly than did the warm praise 
which the eminent astronomer accorded to his recently 
published work. Bessel had caught a fleeting glimpse of a 
career to which he could have foreseen no prospect of 
entry. He had no inkling of what the next year held in 
store for him. 


A COMPLETE BREAK IN HIS CAREER 


In September 1804, Harding, the director of the Lilien- 
thal observatory near Bremen, announced the discovery of 
a minor planet which he named Juno Georgia in honour of 
George III of England. Some six months later, Harding 
was appointed by royal patronage to the chair of astronomy 
at GOttingen, and he was succeeded at Lilienthal by 
Schroter. The latter, now having a vacancy for an assist- 
ant, sought the advice of Olbers and the post was offered 
to Bessel. The young man’s employers, who had long 
recognised the merit of their gifted apprentice, sought to 
retain his services by the offer of a clerkship at a salary far 
exceeding that which he couid expect at the observatory. 

Financial inducement was nevertheless now of little con- 
cern .O Bessel; in March 1806 he took up his new duties at 
Lilienthal. In this new environment he quickly gained 
distinction as a precise and painstaking worker. Such was 
the renown which had gathered about the young man’s work 
inthenext four years that, in 1808, he was offered the appoint- 
ment of professor at the new observatory which Friedrich 
Wilhelm III of Prussia proposed to erect at KOnigsberg. 

Many difficulties stood in the way of Bessel’s transfer to 
the post which he was to occupy for the rest of his life. 
Indeed, only the full influence which Gauss was able to 
command could overcome the many objections which were 
raised to the appointment of one lacking any formal 
academic qualification, still less a doctor’s degree. In a 





Friedrich Wilhelm Bessel (1784-1846). 


FIG. 1. 


period when the whole of Europe lay under the threat o} 
Napoleon, an impoverished State found itself in no posi- 
tion to finance projects such as the construction of an 
observatory. To the many frustrations and repeated set- 
backs of these difficult times, Bessel brought a sustained 
strength of purpose. It is more than possible that work on 
the project might have been abandoned but for his patience 
and organising ability, qualities which undoubtedly reflect 
the thoroughness of his business training. Even so, it was 
not until the end of 1812 that he was able to take up resid- 
ence in his new appointment. Years were to pass before 
his observatory was to obtain the equipment he needed. 
During the thirty-four years which Bessel spent at KOnigs- 
berg, his work brought him world-wide fame. His pub- 
lished papers and his businesslike correspondence are 
characterised by a precise correctness which is an unmis- 
takable mark of his earlier commercial training. He showed 
little flair for the formal teaching duties attached to his 
appointment, for he seemed incapable of appreciating the 
difficulties of his students. This is hardly surprising in one 
who had depended so completely on self-tuition. In later 
life, the great reputation and the skill which he displayed 
in elementary exposition gave his lectures to lay audiences 
a notable measure of popularity. 

Bessel published over 200 papers on astronomical and 
associated subjects. Much of this work is of such funda- 
mental importance in itself, or is so far-reaching in its 
consequences, that it is quite impossible to single out an) 
particular contribution as far transcending the others. 
Three broad channels are discernible in his investigations. 
Firstly, from careful studies of the theory of the instru- 
ments which he used, he achieved standards of observa- 
tional skill which profoundly influenced the whole tech- 
nique of astronomical measurement. Secondly, this skill 
yielded a mass of new astronomical data leading to the 
revision of much of that which was already available. 

Lastly, his theoretical investigations opened a new 
chapter in pure mathematics, havingapplications which later 
became very powerful tools in almost every field of physics 
concerned with waves, and every branch of engineering 
concerned with vibration studies. Assessment of the full 
extent of Bessel’s contribution to modern physical science 
would call for a profound critical study which has not, so 
far, been attempted. 

Bessel’s youthful association with Halle gave him a taste 
for the craft of instrument making; his friendship with 
Gauss later led him to an examination of the problem of 
securing accuracy in the use of instruments. He appears to 
have been one ot the first to appreciate the importance of 
distinguishing between errors due to the observer and those 
introduced by imperfections of the measuring device. He 
drew attention to the possibility of obtaining a result better 
than the arithmetical mean from a series of repeated obser- 
vations, if the causes of error could be identified. In par- 
ticular, his exhaustive study of the heliometer enabled him 
to attain such precision as to establish the highest regard for 
this astronomical instrument. Bessel’s earlier interest In 
navigation had impressed him with the importance ol 
extreme accuracy in the measurement of time, so that it Is 
not surprising that a study of the means of ensuring this 
soon claimed his attention. His paper on the length of the 
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seconds pendulum has long been recognised as of classical 


importance; it elevated the unit of time to the category of 


the most accurately known physical quantity. 

Bessel’s work at Lilienthal included investigations into 
the phenomena of precession and nutation. These, and his 
preparation of refraction tables of considerably higher 
accuracy than those hitherto available, were preliminaries 
to the first major task which he set himself at KOnigsberg. 
This work culminated, in 1818, in the publication of a 
catalogue of 3222 stars in his Fundamenta Astronomiae. 
Much of the equipment installed in his observatory was 
constructed by the famous instrument makers Reichenbach 
and Reysold according to Bessel’s own design. During his 
whole career he made a prodigious number of fixed star 
observations and it has been estimated that he recorded 
over 30,000 positions. Bessel’s work with the heliometer 
has already been mentioned. Using this instrument he 
succeeded in detecting the heliocentric parallax of 61 
Cygnus, to which he ascribed the value of 0”:-31. The 
determination of this angle, representing as it does the 
maximum variation in bearing of a fixed star from the 
earth as the latter follows its annual orbit around the sun, 
is a landmark of premier importance in the advance of 


knowledge, since it afforded for the first time an estimate of 


the distance of a body outside the solar system. This 
discovery, announced in 1838 in Astronomische Nacht- 
richten, showed this stellar distance to be about 10-8 
light-years. Measurement of such a minute angle is of the 
same order as that which would be entailed in the observa- 
tion of a displacement of | in. from a distance of 10 miles. 
This triumph of experimental skill is indeed awe-inspiring. 
Bessel’s superb achievement is nevertheless seriously 
under-rated if no account is taken of the vast number of 
equally difficult measurements which must have directed 
his attention to this, one of the nearest of the fixed stars. 
Bessel made a number of important geophysical meas- 
urements of very high accuracy. Between 1832 and 1838, 
in collaboration with Baeyer, he made a precise determina- 
tion of the latitude and longitude of the Konigsberg 
observatory. This work was later extended to the com- 
putation of mean values for the earth's equatorial and 
polar radii. It is noteworthy that subsequent determinations 
of these have altered Bessel’s values only very slightly. 
A particularly striking instance of Bessel’s mastery of the 
mathematics of planetary motion is to be found in the 
explanation which he gave, in a lecture in February 1840, 
of the perturbations of the motion of Uranus. He showed 
that the observed path of this satellite could be explained 
by assuming the existence of an even more remote planet. 
Confirmation of this hypothesis came six years later when, 
at the Berlin observatory, Galle discovered Neptune in the 
position which had been predicted for it by John Couch 
Adams at Cambridge and le Verrier of Paris. No less 
impressive was Bessel’s suggestion, which followed his 
efforts to ascribe exact positions to the stars Sirius and 
Procyon, that these were in fact double stars. Instruments 
of sufficient resolving power to detect this were not yet 
available, and direct confirmation of his speculation was 
not forthcoming until some years after his death. 
Elaboration of his knowledge of planetary motion 
furnished the central theme of many of Bessel’s most 
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FIG. 2. 
general, an ellipse having the sun S at one of its foci. P moves 
In such a way that the radius vector PS sweeps out equal 


Kepler's Problem. The orbit of a planet P is, in 


areas In equal times (Kepler's Second Law). The orbital 
speed of the planet is therefore not uniform, being greatest 
In the vicinity of A and least in the vicinity of B. Because 
the angle 8 is not proportional to time, it is difficult to deter- 
mine the position of the planet at any particular instant. 

Let us now consider an imaginary planet p moving in a 
circular orbit about a sun at C, in such a way that its position 
coincides with of P at A and B. The position of p is easily 
found at any Instant, since the radius Cp has uniform angular 
velocity, le. the angle y is proportional to time. 

Bessel’s solutron of Kepler's problem gave an expression 
for an angle ¢ in terms of y and the eccentricity of the 
elliptical orbit. If the radius CQ is drawn so that ACQ has 
the value @ calculated in this way, the perpendicular QR 
intersects the ellipse at the point occupied by the planet at 
the instant in question. 

important theoretical investigations. In 1817, in a paper 
published by the Berlin Academy, he gave the solution of a 
problem which had baffled mathematicians since the time 


of Kepler. 
HIS SOLUTION OF KEPLER’S PROBLEM 


In essence, the so-called Kepler's problem sougnt 
to relate the motion of a planet following an elliptical 
orbit to that of a point moving with uniform velocity 
and having the same period, on a circle of which the 
diameter is also the major axis of the ellipse (see Fig. 2). 
This solution gives the corrections which must be applied 
when, for simplicity, the path of the planet is assumed to be 
circular. In the course of this work, he found it necessary 
to examine the nature of a type of definite integral which 
defines what are now known as Bessel coefficients. As 
early as 1703, a special form of these coefficients had 
engaged the attention of Jakob Bernoulli, and _ later, 
similar types of function had also been encountered by 
Lagrange, Carlini, and Laplace. What is now often 
regarded as Bessel’s most famous work was published in 
1824 in a paper under the title of Untersuchung des Theils 
der planetarischen Storungen welcher aus der Bewegung der 











OCTOBER 1954 DISCOVERY 


Sonne ensteht, which discussed in considerable detail, 
perturbations in planetary motion. In this he developed 
and systematised many of the useful properties of these 
important mathematical functions. This aspect of his 
work was later to have tremendous impact in branches of 
applied science of which he could have had little or no 
knowledge. 

In order to make a complete quantitative analysis of the 
conditions for the propagation of a wave, it is necessary 
to derive what is known as a wave-equation. This is a 
differential relationship, the form of which depends on 
whether it describes a plane, a cylindrical, or a spherical 
wave. Inthe case of the first-mentioned, the simple periodic 
functions, sine and cosine, satisfy this equation; solutions 
of the cylindrical and spherical forms, however, contain 
Bessel functions. The latter are nearly, but not quite, 
periodic in nature: they express the sum of an infinite 
series of terms of rather cumbersome appearance. Except 
in certain special cases, the mathematical inelegance of a 
Bessel series makes summation a matter of some difficulty. 

The propagation of cylindrical and spherical waves is 
studied in many branches of applied science. Bessel func- 
tions frequently make their appearance in mechanical, 
hydrodynamical and acoustical investigations, and they are 
also commonly encountered in thermal, optical and radio 
wave-propagation problems. In a short essay such as this, 
it will suffice perhaps to mention the applications of these 
functions in one field only, namely that of radio engineering. 
A common example of a cylindrical electromagnetic wave 
is that by which energy is transferred through a hollow 
metal waveguide of circular cross-section. The analysis 
which determines the conditions under which propagation 
is possible in such cases describes the electric and magnetic 
components of the wave in terms of Bessel functions. A 
somewhat older problem, to the solution of which such 
great mathematical physicists as Maxwell, Kelvin, Ray- 
leigh, and Heaviside each made substantial contributions, 
is that which concerns the propagation of high-frequency 
currents in a metal wire of circular cross-section. As a 
problem, this is exactly complementary to the case of 
propagation in a hollow waveguide, and here modified 
forms of Bessel functions appear in the solution. In many 
radiation problems the wavefront of the electromagnetic 


wave is spherical, and other examples in which this is so 
are to be found in studies of the resonant properties of 
hollow spherical cavities. In all investigations of this sort, 
quantitative solutions depend on the properties of Bessel 
functions. 

It is indeed a far cry from the solution of Kepler's prob- 
lem to the analysis of the electron beam in a velocity- 
modulated tube such as a Klystron, yet in both is to be 
found the definite integral on which Bessel founded a new 
branch of mathematics. Quite early in the history of radio 
engineering it was realised that information could be super- 
imposed on an electromagnetic wave by varying its ampli- 
tude or its frequency about a mean value. To determine 
the response of a tuned-circuit to a modulated wave, it is 
necessary to obtain the frequency spectrum of the latter. 
For an amplitude-modulated wave the mathematical 
problem is one of simple trigonometry, but the analysis of 
the frequency-modulated wave into simple components 
requires an understanding of the properties of Bessel 
functions. The foregoing survey, of course, does no more 
than indicate some of the applications in one special field, 
of the mathematical tool which bears Bessel’s name. 

In the year of his arrival at KOnigsberg, Bessel married. 
His family life brought him great happiness unmarred by 
sadness until the death of his only son in 1840. It seems that 
this was a blow from which he never fully recovered. 
Towards the end of his life his physician wrote of him, 
“Small of stature, weak in appearance with a pale, lined 
face, his head covered with silver grey hair which hangs to 
his eyebrows—he has the appearance of an old man, but as 
soon as he speaks, his face becomes lively and the clearness 
of his shining eyes, the quickness of his movement and the 
depth of his voice prove that a powerful spirit and a youth- 
ful force rule his body.” In his sixtieth year signs of serious 
illness were apparent, and he died on March 17, 1846. On 
his deathbed, the founder of modern astronomy was 
bestowed a unique honour by a royal decree which granted 
to the eldest son of each of his three daughters the right to 
bear the name of Bessel. It is fitting that lasting recognition 
of the work of great men such as he, should be the associa- 
tion of their names with ideas to which they gave birth. In 
this respect posterity has endowed Bessel with the most 
enduring of memorials. 


DIELDRIN, THE VERSATILE INSECTICIDE 


The Argentine ant has become such a menace in Western 
Australia, that a five-year project, costing £A100,000, has 
been decided on in order to control it. Inside houses they 
swarm over articles of food, particularly jam and other 
preserves; outside they overrun lawns and gardens. 

Dieldrin, a comparatively new, and highly lethal insecti- 
cide manufactured exclusively by Shell, is to be used when 
spraying operations begin in a few weeks. Being potent 
to insects in minute quantities, although harmless to plants 
and humans, it provides an effective and economic method 
of control. By using dieldrin the area to be treated will 
need only one spraying instead of two or more as has been 
the case with other insecticides in the past. 

The insecticide is sprayed in a lattice pattern so as to 
divide the area into a series of squares which the ants 
cannot leave without crossing the dieldrin-treated strips. 
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In addition all gutters and pavements are treated. As dieldrin 
kills, but does not repel, the ‘worker’ ants going in search 
of food will cross these bands and so die without being able 
to return to their nests. Ultimately the entire ant colony, 
including the ‘queens’, will be killed or starved to death. 
Spraying operations will begin on the north side of the 
Swan River, on which Perth is situated, as this is the most 
heavily infested area. Later the outskirts of Perth will be 
treated. By this means the ants will gradually be squeezed 
into a small central area where they can be easily eliminated. 
During the last few years dieldrin has proved effective 
In many countries against a number of public health pests 
including the mosquito carriers of malaria and elephantiasis, 
the vector of Chagas disease, and the common house-fly: 
in Britain, for example, its efficiency was demonstrated 
against seaweed flies at Brighton at the end of last year. 
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This article is the substance of Sir John Cockroft’s presidential 
address to Section A (Mathematics and Physics) of the British 
Association meeting in Oxford, which he delivered on September 2. 


RECENT DEVELOPMENTS IN NUCLEAR PHYSICS 


SIR JOHN COCKCROFT, K.C.B., C.B.E., F.R.S. 


| am going to give some account of the remarkable develop- 
ments in nuclear physics which have occurred since the war, 
developments as exciting as those in an earlier epoch when 
Rutherford was the President of Section A at the Winnipeg 
meeting of 1909. 

This was the time when Rutherford’s nuclear atom was 
being conceived. He spoke of the experiments of Geiger 
and Marsden in which high-speed alpha particles were 
scattered backwards from thin foils, leading to the con- 
clusion “that the atom was the seat of an intense electric 
field’’ which was responsible for the reversal of direction 
of these particles. 

Fifteen months after this he produced his nuclear model 
of the atom. The model accounted in detail for the scatter- 
ing of the high-speed alpha particles in the inverse square 
law electric field of the nucleus. Rutherford’s scattering 
law gave the relative number of particles scattered through 
different angles. This was found to give a good account of 
the results and enabled an upper limit to the radius of a 
heavy nucleus such as gold to be fixed as 3:2» 10° '* cm. 

The next address of Rutherford to the British Associa- 
tion was his Presidential Address at Liverpool in 1923. He 
then referred to his experiments on transmutations of light 
elements by alpha particles. He considered atomic nucle! 
to be composed of protons and electrons—‘‘occupied but 
not filled by these minute building units in ceaseless rapid 
motion controlled by their mutual forces’. He was not at 
this time as certain as he had been twenty years earlier “that 
the atoms of all the elements contained a great concentra- 
tion of energy which would be available for use if only some 
simple method could be discovered of promoting and con- 
trolling their disintegration’. He referred, however, to the 
recent measurements which had shown the mass of the 
helium nucleus to be appreciably less than that of four 
hydrogen nuclei and the consequence *‘that the transforma- 
tion of one pound of hydrogen to helium could release as 
much energy as the complete combustion of 8000 tons of 
coal”. This had led Eddington and Perrin to their conclu- 
sion that the synthesis of helium was the main source of 
stellar energy. We have recently had several manifestations 
of this process of synthesis. 

These two Presidential addresses are the last which have 
been devoted to nuclear physics at the British Association. 
During the remaining years of Rutherford’s life our con- 
cept of the internal construction of the nucleus was drasti- 
cally changed by Chadwick's discovery of the neutron. 
This led to a more satisfactory nuclear model in which 
neutrons and protons are the elementary bricks of the 
atomic nucleus. The nuclear transmutations by alpha 
particles which Rutherford had first discovered were 
extended in an enormous way by the use of protons, 
deuterons and neutrons as transmuting particles, and by 
heir aid radioactive forms of most of the elements were 
discovered. I had the good fortune to take part in this 


work. Rutherford did not live to see his 1905 vision of 
large-scale release of atomic energy realised, for nuclear 
fission was not discovered until a year after his death. We 
finished the war, however, with a staggering demonstration 
of the magnitude and the power of nuclear forces, together 
with some promise of peaceful applications. But we had 
still little knowledge of the true nature of these forces. It 
was clear enough, however, that the assembly of protons 
and neutrons constituting a nucleus could only be held 
together against the enormous repulsive forces of the 
protons if there existed powerful attractive forces between 
nucleons of a short-range character. It was also clear that 
this true nuclear force of attraction must occur almost 
equally between pairs of protons, pairs of neutrons, and 
neutrons and protons. 

Nuclear physicists returned from their war service not 
only to follow up the great practical applications of nuclear 
energy but to delve still deeper into the nature of these 
mysterious forces. They returned with new electronic 
techniques born of radar experience and with a competence 
in machine building which enabled particle-accelerating 
machines to be built for producing protons, electrons and 
X-rays of energies in the region of 100-400 million volts. 
Within the last year we have brought into use in our univer- 
sities a 330-million-volt electron synchrotron in the Univer- 
sity of Glasgow, a 400-million-volt proton accelerator in 
the University of Liverpool, and a billion-volt proton 
synchrotron in the University of Birmingham. Recently 
accelerators of 2-6 billion volts have started to work 
in the United States, whilst a further step to 25 billion volts 
is now envisaged by the European Nuclear Research 
Organisation at Geneva. These new tools provide the 
means for exploring the reactions of high-speed nucleons 
with nuclear matter. To these machines were added the 
complementary techniques of the cosmic ray physicists, 
interested first in exploring the nature of the cosmic ray 
particles and phenomena, but finally, through their photo- 
graphic emulsion techniques and cloud chamber photo- 
graphs, leading the van of discovery in high-energy nuclear 
physics. 

The first interesting group of experiments are the post- 
war analogues of the Geiger-Marsden alpha particle scat- 
tering experiments referred to in Rutherford’s Winnipeg 
British Association address. The 8-million-volt alpha 
particles from radium are replaced by 140—180-million-volt 
protons from the Harwell cyclotron or 200-450-million- 
volt protons from one of the giant cyclotrons in the United 
States. 

Experiments were first carried out on the scattering of 
nucleons by individual nucleons—protons were scattered 
from protons and then from neutrons—in the hope of 
learning something of the nature of these nuclear forces. 

A beam of 145 MeV protons was extracted from the 
Harwell cyclotron and passed down a 25-foot length of 
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pipe through a thick shielding wall into the experimental 
chamber. The protons strike a target of polyethylene 
containing hydrogen and carbon atoms and the scattering 
by the hydrogen nuclei is studied, appropriate corrections 
being made for scattering of the carbon nuclei. The 
scattered protons and the struck protons are counted by 
modern versions of the simple zinc sulphide scintillation 
screen used by Geiger and Marsden. This is now replaced 
by new types of scintillating crystals or liquids which are 
observed by a photo-electrical multiplier having a capacity 
for counting very fast compared with the sixty-a-minute 
which was the most the visual observer could do in the old 
days. Three of these crystals are used in a line to forma 
‘telescope’ which records when a particle passes through 
all three. The energy of the particles which are recorded is 
measured by inserting an absorbing cylinder of graphite 
between the last two crystals, so that only a particle 
energetic enough to traverse this thick cylinder produces 
a record in the ‘telescope’. 

Measurements have also been made of the scattering of 
102 MeV neutrons by protons. A liquid scintillation 
counter was used to detect the neutrons. The diffusion 
cloud chamber has also been used for this experiment. 

These results, together with those on proton-proton 
scattering, show that the angular variation of the scattering 
is very different in the two cases. The scattering of protons 
by protons is independent of angle. The neutron-proton 
scattering has high values at small angles and at 180, in 
centre of mass co-ordinates which corresponds to very 
small angle scattering and scattering through an angle of 
90 in laboratory co-ordinates. 

We would expect a large number of neutrons to be 
scattered through small angles since the transfer of momen- 
tum at these high energies is likely to be small. For this 
type of glancing collision the struck proton would come off 
at right angles. But here we find a maximum in neutron 
numbers. This means that in these collisions neutrons and 
protons change identities. This is known as exchange 
scattering—a second characteristic of nuclear forces. 

Apart from this, the general character of the scattering 
curves could be explained by the fact that we are dealing 
with two identical particles in the one case and twe different 
particles in the other; the theoretical physicists also had to 
assume either that the nucleons had a hard core giving rise 
to strong repulsive forces at short range and attractive 
forces at longer range; or, alternatively, that there is a 
strong interaction of the spin of the nucleons and their 
orbital angular momentum, due to magnetic coupling. But 
these models are only partly successful in explaining the 
experimental data and the situation ts still rather unclear. 

Some new experiments carried out at Rochester, Harwell, 
Chicago and Berkeley have provided more evidence for the 
nature of the forces. In the Harwell experiments the beam 
of 150 MeV protons is allowed to strike a carbon target 
inside the cyclotron box and those scattered through an 
angle of 20 are selected by a slit and are brought outside 
the vacuum chamber, passed down a long pipe and then 
scattered a second time from a carbon target. The numbers 
scattered through a given angle left and right and up and 
down are counted. When attention is focused on the 
protons which are elastically scattered on the second 
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collision, the numbers scattered to the left are found to be 
four times more than the number scattered to the right. 

When the experiments are carried out with hydrogen as 
a second scatterer instead of carbon, the number of protons 
scattered to the left is 1-5 times the number scattered to the 
right. 

The numbers scattered up and down are equal. These 
results can be explained by the hypothesis that after the 
first encounter with carbon nuclei about 80°, of 
them come out of the collision with their spin axes pointing 
ina direction normal to the plane of scattering, the amount 
of polarisation increases strongly above 100 million volts. 

Similar though much less marked effects have been 
found in the double scattering of neutrons. 

It is rather early yet to be sure of the theoretical explana- 
tion of these polarisation effects. However, Schwinger 
eight years ago suggested that such effects might be pro- 
duced by interaction of nucleon spins with the orbital 
angular momentum. Thus, when the spin of the nucleon 
is in the same direction as the vector representing the orbital 
angular momentum, there would be a lowering of the 
energy of these nucleon orbits due to magnetic interaction 
and they will be favoured. Fermi has recently calculated 
the magnitude of the effect and been able to give a good 
account of the experimental results. He predicts that 
protons coming out of the first collision with their spins up 
should be scattered more to the left than to the right. 

For those to whom this picture means very little it may 
be comforting to produce a classical analogue. 

If we first consider the collision of two spherical bodies 
having rough surfaces, then the collision would result in 
some rolling and imparting of spin to the particles. Trans- 
lated to a quantum picture, this corresponds to an orienta- 
tion of existing spins. 

The second encounter of the now spinning particle with 
the nucleus would then result in more going to the left than 
to the right, due to the spin—just as spin imparted to a 
billiard ball biases its deflection. 

Although the classical picture is only interesting as a 
visual model, it is nevertheless interesting to notice that the 
friction force in this classical picture is a non-central force. 
The spin-orbit force the theoretical physicist wishes to 
introduce has a similar character. 

Another important and older group of experiments 
throwing light on nuclear forces showed that as the proton 
energy Is increased beyond 200 MeV, a short-lived type of 
particle, the = meson, is created in the intense field of the 
collision. The simplest case occurs when the high-speed 
protons enter a liquid-hydrogen target. Protons then com- 
bine with protons to form deuterium and a positive = 
meson is created. These = mesons were first discovered by 
Professor Powell as a component of the cosmic rays, where 
they are created by nucleon collisions. They live for 2:10 ° 
of a second and decay into » mesons of lower mass which in 
turn decay into electrons and neutrinos after 2:10 *® second. 

In collisions of high-speed protons with other nucle! 
such as carbon, both positive, negative and neutral = 
mesons are created. The negative mesons interact strongly 
with nucle! and produce nuclear explosions: the neutral 
= mesons decay after a life of 10 '° of a second into two 
“-ray quanta. 
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This strong interaction of the = meson with nucleons and 
its creation in nuclear encounters realises a prediction 
made in 1937 by Yukawa. The = meson seems to play the 
same role in nuclear forces as that played by the photon in 
electrodynamics. In electrodynamics the electron is the 
singular source of the electromagnetic field which is de- 
scribed by Laplac«’s equation whose well-known solution 
leads to the static field ' r? for the field of force of the 
electron. The nuclear forces must be described by a wave 
equation rather similar though different from Laplace's 
equation—different mainly because of the need to intro- 
duce a term expressing the very short-range character of 
the nuclear forces. This new term introduced by Yukawa 
led him to predict the existence of a meson which was to be 
responsible for transmitting the nuclear force between 
neutron and proton. Thus, when a proton approaches a 
neutron—the positive meson cloud surrounding the proton 
transfers itself to the neutron, which then becomes a 
proton. In this process momentum is transferred and the 
particle changes direction. In a proton-proton or neutron- 
neutron collision the interaction is conveyed by the neutral 
meson as was first postulated by Kemmer. The mesons are 
thus coupled to the nucleon and are called into play in 
collisions to transmit the forces. They actually materialise 
in very violent close collisions. 

A recent refinement of the meson theory of nuclear forces 
by a young French physicist, Levy, using what is known as 
symmetrical pseudo-scalar meson theory, reproduces the 
low-energy nucleon-nucleon collision behaviour quite satis- 
factorily and it suggests a strong repulsion at close dis- 
tances. This gives one of the possible explanations why 
nuclei do not collapse. 

The coming into operation of the new accelerator of 
Brookhaven has provided protons of energies up to 1:3 
billion volts. In this energy region mesons of still higher 
mass materialise, live for a fraction of a milli-microsecond 
and decay into lighter mesons of already well-known types. 

Perhaps the most striking event followed the creation of 
a 1-2 BeV positively charged = meson by 1:3 BeV protons 
striking hydrogen. The energetic = meson was observed, in 
a cloud chamber of the continuously sensitive type filled 
with hydrogen under pressure, to stop, presumably striking 
a hydrogen nucleus. A little farther along, two pairs of V 
tracks appeared. One V consisted of a proton and a= 
meson with kinetic energies of about 37 million volts. 
These are the well-known decay products of the \~ meson 
discovered by Rochester and Butler in 1948. This heavy 
meson, which seems to be an excited nucleon, is one of a 
family of mesons heavier than nucleons which have recently 
been named hyperons. It has a mass of 2182 times the 
electronic mass and a lifetime of 3-7 « 10-19 second. 

The other V track consisted of two = mesons, one positive 
and the other negative, having a kinetic energy of 214 MeV. 
These are the decay products of another heavy uncharged 
meson, now known as the ® meson, of 966 times the 
electron mass and a lifetime of 1-5 10 !° second. 

The primary event, the striking of a proton by an ener- 
getic = meson, thus created two heavy uncharged mesons, 
the A and the 0. 

Besides the four mesons I have so far mentioned, there 
is the well-authenticated + meson which is created in nuclear 


collision and decays into three = mesons having a kinetic 
energy of 74 MeV. This + meson has a well-established 
mass of 975 times the electron mass. There is also a x 
meson with 1210 times the electronic mass which decays 
into a 4 meson directly, and at least five others whose 
authenticity is not so certain. These heavier mesons must 
also contribute to nuclear forces. 

Very recently the cosmic ray workers, who are almost 
always first to discover new mesons and new mesonic 
phenomena, have found that the excited nucleons or 
hyperons can be created inside nuclei in energetic collisions. 
Dansyl and Pniewski observed in a photographic plate 
exposed to cosmic radiation a heavy nuclear fragment of 
charge 5e emitted from a nuclear disintegration. At the 
end of its range, after a life of about 3:10 '* second, when 
the velocity was practically zero, it disintegrated with the 
emission of three or four charged particles. It might have 
been thought that this was a spontaneous disintegration of 
a nuclear fragment which had been highly excited by a 
nuclear collision. But in this case it should have disinte- 
grated in less than a millionth of the observed lifetime. 
Dansy! and Pniewski suggested therefore that a hyperon 
or excited nucleon might be present in the fragment and 
that its disintegration gave rise to the observed energy 
release. 

Since that time several more events of this kind have 
been observed in photographic plates and in these cases 
the energy release was about 40 MeV, consistent with the 
view that a hyperon had disintegrated into a proton and 
= meson. In particular, a fragment of about the mass of 
the triton was observed at the end of its range to disinte- 
grate into a =x meson and what was probably a He* nucleus 
with the kinetic energy release characteristic of a hyperon 
decay. Nuclei may therefore contain for short periods after 
their formation excited nucleons together with ordinary 
nucleons. 

We have seen then that atomic nuclei are bound together 
by the nucleon-meson field, just as atoms and molecules are 
bound together by electric and magnetic fields. The mesons 
may be thought of as transient fluctuations and concentra- 
tions in the nuclear field and we may have to think of 
separate fields for the different mesons. The heavier 
mesons will give rise to forces of shorter range than the 
= meson and will only be important in the more energetic 
collisions. 

Very recently Professor Heisenberg has developed an 
interesting theory in which elementary particles appear as 
discrete stationary states of non-linear field equations 
which describe matter in a very general way. 


EXPERIMENTS WITH MESONS 


More information on the nature of mesons is being 
obtained by experiments with the meson beams which can 
now be produced by large cyclotrons. The Chicago cyclo- 
tron can direct about 1000 mesons a second through a one- 
inch pipe passing through the shielding wall. I will 
mention two typical experiments on mesons. 

The first of these was designed to determine the spin or 
intrinsic angular momentum of the meson. It is important 
to know whether it has zero spin like a light quantum or 
alpha particle, or a spin | 2 like an electron or a nucleon, 
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ora still higher spin. This can be done by taking account 
of the fact that in their creation processes, particles with 
the higher spins could be created in several states corre- 
sponding to different spin orientations and this increases 
the chance of their creation. 

So an experiment was devised in Chicago to measure the 
relative probability of the creation of a => meson when 
protons collide with protons and the reverse process of the 
absorption of a =” meson in deuterium. The creation 
process will occur three times as strongly if the meson has 
spin | than if the particle has spin zero. A turther experi- 
ment shows unambiguously that the = meson has zero spin, 
which makes the theoretical physicist happy. 

The second meson experiment studied their scattering by 
nucleons in a similar way to the experiments on scattering 
of nucleons by nucleons. 

These experiments carried out in Chicago showed that 
the =* mesons were scattered from liquid hydrogen more 
strongly in the backward than in the forward direction. 
The =~ mesons, on the other hand, were scattered elastically 
more strongly in the forward direction. Some of the = 
mesons, however, changed on scattering into a neutral 
meson and in this case they were scattered more strongly 
backward. This peculiar behaviour of the mesons has 
been explained by assuming that on approaching the 
proton a compound nucleus of very high excitation is 
found and that scattering behaviour ts due to a resonance 
phenomenon. 

Other experiments study what are known as mesic 
atoms. Both =~ and 1~ mesons have been shown to form 
Bohr orbits round nuclei—the orbits will be of smaller 
radius than electronic orbits because of the larger meson 
mass compared with the electron. Having formed the 
mesic atom, transitions between the Bohr orbits occur, 
giving rise to X-rays. The energies of these X-rays have 
been studied and agree remarkably well with theoretical 
predictions provided the radius of the nucleus is taken to 
be slightly smaller than the value obtained in proton 
scattering experiments. 

Experiments with mesons will be greatly helped by a still 
more copious supply of these particles. We are therefore 
building at Harwell for use by British physicists generally, 
in a separate open area of the Establishment, a linear 
accelerator for producing 600 MeV protons. These protons 
will bombard a liquid-hydrogen target and will, we hope, 
provide us with 1000 times as many mesons as are at 
present available. A long vista of interesting experiments 
has been drawn up in collaboration with university physi- 
cists who are helping with its design and construction. 

| can only refer very briefly to the important post-war 
developments in what might be described as classical 
nuclear physics—the study of the structure of atomic 
nuclei by the use of nuclei of energies up to about 20 
million volts. 

From this we now have clear evidence for the building 
up of ‘shells’ of protons and neutrons in nuclei leading to 
singularities in nuclear properties as the shells are filled. 
Thus the abundance of nuclear species with closed shells 1s 
higher than normal; they have more stable isotopes; their 
structure of excited levels is simpler. All this can be 
explained by invoking the type of nuclear force I have 


discussed earlier—the force which is characteristic of 
strong interaction between nuclear spin and orbital momen- 
tum. The energy levels can be calculated and filled up 
progressively rather like atomic shells are filled up, and the 
shell picture emerges. 

Nuclear structure differs, however, from atomic structure 
because there is no counterpart to the overriding strength 
of the nucleus in determining the electron orbits. So the 
collective motions of nuclei become important and they 
can have vibrational and rotational motions which can be 
checked experimentally. 

| ought not to close without saying something of the 
dangers and the potential benefits which have arisen from 
the exploitation of these powerful nuclear forces. The 
President has already spoken of the dangers which might 
arise from full-scale atomic warfare. 

The destruction and danger from heat and blast and 
radioactive fall-out in the immediate neighbourhood of the 
large explosions ts by now apparent to all. 

Our Prime Minister has referred to the danger of world- 
wide radioactive contamination and has said that the 
biological aspects of these experiments require profound 
study. 

In this study we have to take account of the conclusions 
of the geneticists on the effects of radiation in increasing 
the natural mutation rate. Dr. H. J. Muller's 1952 address 
to the Stockholm Conference on Radiobiology and Radia- 


tion Protection has summarised the present views of 


geneticists and has suggested how much radiation the 
human race can tolerate without harm. The present con- 
tamination is slight and very far from this limit. Our 
measurements will in time tell us where the danger-level 
lies. 

What is certain is that a full-scale atomic war would be 
a disaster for the whole world. Our Prime Minister has 
spoken of our present situation as one of great danger and 
measureless opportunities. We must hope and believe that 
all governments will take the same view when they see the 
danger and unite to prevent it happening. 

If mankind can achieve this, then the great power of 
nuclear forces can be used to his great future benefit. 

| have taken part almost from the beginning in the great 
adventure of atomic energy development. We had only 
just begun to think about the consequences of Hahn and 
Strassman’s discovery of fission when war came upon us 
and for a time engulfed us in more immediate and practical 
matters such as radar. So, for a time, I was an interested 
onlooker, gradually becoming more and more convinced 
of its importance, until I was translated to Canada and 
joined the group who were Starting to design the Canadian 
heavy-water piles. The larger of these piles became for a 
time the most powerful source of neutrons in the world. 
This has enabled the Canadian project to play a leading 
part, under the guidance of Dr. W. B. Lewis, in the develop- 
ment of nuclear technology. In this country, after building 
from the beginning in 1946 facilities for work on atomic 
energy, we have embarked during the last three years on 
a vigorous programme of nuclear power development. 

The achievement of economical nuclear power depends 
on three main factors. The nuclear reactor must be able to 
burn up a sufficiently high proportion of its uranium fuel 
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to achieve low fuel costs. This depends not only on favour- 


able values of nuclear constants, but also on a reactor 


design leaving as many neutrons as possible for production 
of new fuel from otherwise inert materials such as U238 
and thorium; engineers who waste neutrons can easily 
offset the bounty of Nature. Nuclear technology is the 
second important factor. We must be able to prepare ura- 
nium fuel cheaply, and its metallurgical properties must 
be favourable to really long life in a reactor; the chemists 
and chemical engineers must process our spent fuels 
cheaply and return any valuable secondary fuels such as 
plutonium for reburning. The third factor is good 
engineering design, leading to reliable and safe operation 
and low capital costs. 

In all these fields we have seen steady progress, more 
favourable than we dared to hope for in the early post-war 
As a result of this, in Cumberland the first large- 
scale power station using nuclear energy as a source of heat 
is being built by our colleagues of the Atomic Energy 
Industrial Group, following a Harwell design study. This 
first nuclear power station has been described by Sir 
Christopher Hinton in his Thomas Hawksley lecture to the 


years. 
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Institution of Mechanical Engineers. Its design is an extra- 
polation of our post-war experience with graphite piles at 
Harwell and Windscale. It should provide us with in- 
valuable first experience in practical nuclear power. We 
can already see our way to great improvements in nuclear 
power stations of this kind and they are likely to make an 
effective contribution in filling any gap which may arise in 
the next twenty years between our energy needs and our 
supplies and should be able to produce power a little above 
conventional costs. But we can also think of an embarrass- 
ingly large number of types of nuclear power units which 
should use nuclear fuel much more efficiently and which 
would repay investigation, and of course they look more 
and more attractive the farther off they are. 

Energy is the essential basis for a highly developed 
civilisation. The application of nuclear fission, wisels 
guided, canensure that fora millennium ahead mankind has 
all the energy needed to supply his ever-growing needs. 
Before we come to the end of our uranium fuel reserves, 
! feel sure that the energy of fusion of the light elements 
will also be turned from destructive to peaceful uses and 
so provide a source of power without limit. 





FERTILISING WITH AMMONIA 


When the world sulphur shortage hit Britain with particular 
force in 1951, we referred to the possibility of saving sulphur 
in the manufacture of artificial fertilisers. For about 30” , 
of the sulphuric acid that is manufactured in Britain goes 
into fertilisers, being used in the production of ammonium 
sulphate and in the conversion of phosphate rock into 
superphosphate. 

The fertilising value of ammonium sulphate rests upon 
its nitrogen content; its sulphur content is of little or no 
agricultural significance. So one possible way of saving 
sulphur is to try to use raw ammonia as a fertiliser, without 
troubling to convert it into ammonium sulphate. This is 
no new idea. It was first tried out in Germany about a 
hundred years ago, but at that time it proved too tricky to 
handle and the idea was shelved. In the 1930°s American 
workers tried it again and they found that plants use 
effectively ammonia if this is added to irrigation water— 
a technique which came to be known as ‘nitrogation.. 

Since then Shell Oil’s chemical subsidiary has experi- 
mented with anhydrous ammonia—that is, gaseous ammonia 
—and has perfected a machine for injecting ammonia into 
the soil, where it is released at a depth of 4—6 inches below 
the soil surface. The method has proved most successful. 
This year something like 300,000 tons of anhydrous 
ammonia have gone into U.S. farms to fertilise some 
9 million acres of land. Already a greater weight of ferti- 
lising nitrogen is sold in the form of ammonia than as 
ammonium sulphate in the U.S.A. 

This technique has not gone untested in England. Two 
scientists of King’s College, Newcastle upon Tyne, have 
experimented with anhydrous ammonia. They used an 
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apparatus that did the same job as the U.S. ammonia injec- 
tion machine, and they found that when soil was injected 
with ammonia at a depth greater than 2 inches all of the 
gas was completely absorbed in the soil, so that not even a 
trace of the smell of ammonia was noticeable above 
ground. 

The response of growing crops to ammonia gas was 
rapid. Anhydrous ammonia affected kale and grass sward 
in a matter of 10-12 days, which is about the same time it 
takes for ammonium sulphate toact. The speed of response 
varies with the depth at which the ammonia gas Is injected; 
the deeper the injection, the slower response—at 5—6 inches 
it took 20—30 days, as against the 10-12 days for injection 
at 2 inches. 

The King’s College scientists consider anhydrous 
ammonia an effective fertiliser for crops grown in rows. 
The gas can be injected easily, and they see no reason to 
believe that it would be any less efficient as a source of 
nitrogen than ammonium sulphate. Their conclusion is 
that if sulphur again becomes scarce, or if other economic 
factors swing the balance in favour of gaseous ammonia, 
then the gas might well be introduced as a fertiliser in areas 
where considerable acreages of row crops are grown. 

In the U.S.A. anhydrous ammonia—now known for 
short as “AA’—is being used for a wide variety of crops. 
The cotton farmers of Texas who use it find that it practi- 
cally doubles the yield as compared with what they get 
with no nitrogen fertiliser. With maize, it is found that 
23 lb. of AA (costing about 20 cents) is equivalent to an 
extra bushel of corn (which is worth about 150 cents to the 
farmer). 
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INNOVATIONS IN 


THEATRE LIGHTING CONTROL 





J. H. M. SYKES 


From the time the first electric lighting was installed tn a 
theatre*—in Paris, in 1877—until very recently, there was 
no fundamental change in the basic methods adopted; nor 
was there any real change in the methods used to control 
the amount of light on the stage. Dimmed circuits were 
universally provided, and more and more lighting equip- 
ment became installed in the front of the house, again con- 
trolled from dimmers from the stage. 

The control of the manv lighting circuits in a large 
modern theatre has generally centred on a switchboard 
situated in a gallery over the stage and usually on the 
prompt side (i.e. the right-hand side, looking from the 
front stalls). The extremely complicated scenery and the 
wealth of mechanical equipment that are now in genera! 
use have meant that serious difficulties arise if one wants 
to add to the dimmers, because of the limited space 
available for the control equipment in most theatre stages. 
Extra equipment also aggravates the problem of dissipating 
the heat from the dimmers. For those types of theatre 
where variety performances are given, the rapid changes of 
lighting necessary have led lighting engineers to consider 
means of pre-setting the whole lighting arrangement for the 
next act, so that an instantaneous change can be effected 
without having to adjust several hundreds of individual 
dimming controls. Finally, it came to be realised that, as 
lighting plays a greater and greater part in the decor of the 
stage setting, the lighting operator should be placed in a 
position from which he can obtain a view of the stage 
approximating to that seen by the audience. 


ELIMINATING FIRE RISK 


All these considerations have favoured the trend towards 
the arrangement of the dimming controls in such a way 
that the greatest flexibility can be obtained, and the smallest 
possible control panel can be accommodated in a position 
from which the stage can be seen. Further, with the very 
large amount of power now used in stage lighting—a single 
batten at Covent Garden Opera House takes 108 kilowatts 
—the dimmers tend to be located away from the stage alto- 
gether, so as entirely to obviate the fire risk, and also to 
reduce the bulk of the wire-wound dimming elements. 

A survey of the lighting in the leading London theatres 
shows that the last-mentioned consideration—- the removal 
of the wire-wound dimming elements themselves, or the 
substitution of other means of dimming—has been largely 
carried out in the most modern installations. 

In regard to the second consideration, in only a few 
theatres has the engineer been able to attain the ideal 
* The electric lamps used for this installation were Jablochkot? 
‘electric candles’. This was a modified electric are with the carbon 
rods arranged side by side and the light was generated by the 
arcing across the tips of the rods. Its inventor, Paul Jablochkotf 
(1847-94), was a Russian physicist. Other inventors who improved 
the electric candles were Brush and Weston. 


arrangement whereby the switchboard operator is able to 
view the stage, although the control panel is situated in the 
auditorium at the Palladium, London, at the Old Vic, and 
at the Shakespeare Memorial Theatre, Stratford-on-Avon. 
This is also the case at the Watergate Theatre, where 
dimmed fluorescent lighting is used. 

In removing the wire-wound resistance dimmers from the 
Stage switchboard, the first problem is that of coupling 
the switchboard to the moving dimmer elements. At 
Covent Garden, London’s largest theatre, the coupling is 
effected by mechanical means. 

On a gallery about 10 feet above the stage and on the 
prompt side of it, is situated a control panel; on this panel 
each of the 150 circuits is provided with a tumbler switch, 
and a position indicator showing the positions of the 
dimmer arm. Beneath the panel are a number of capstan 
wheels which can be linked together by clutches. These 
drive—-through shafts, bevel gears and chains—the main 
dimmers, which are situated in a chamber below the stage. 
Here wire-wound resistance dimmers have arms terminat- 
ing in an electromagnetic clutch, and these clutches can be 
energised by closing the appropriate tumbler switch. When 
a particular capstan wheel is turned, all the circuits associ- 
ated with it whose tumbler switches are in the closed 
position are dimmed simultaneously. Pre-setting is possible 
to a limited extent, since the tumbler switches coupling the 
dimmers to the shafts can be closed in advance. No 
alteration in the lighting can take place until the appro- 
priate capstan wheel is moved. 

At London's Palladium Theatre all the stage lighting 
circuits and all the circuits associated with the thirty fixed 
projection lamps on the edge of the dress and upper circles, 
are controlled from a console similar to that of an organ. 
This console is situated in a box in the dress circle. Once 
again the resistance dimmers themselves are arranged in 
a chamber below the stage, but the shafts which drive the 
discs on which the electromagnetic clutches engage are 
continuously driven by a number of electric motors. The 
speed of these motors can be regulated by means of what 
is equivalent to the swell pedal on an organ console, and in 
place of the tumbler switches of the control panel at Covent 
Garden the keys of the organ manual are depressed to 
cause the electromagnetic clutches to grip the discs, and 
thus rotate the dimmer arms. 

When he wants to operate a particular circuit, the 
operator first depressed a ‘stop’ which ts exactly like a stop 
on an organ console. These stops are labelled according 
to the lighting circuits they control and for each circuit there 
is also a corresponding key on the keyboard. First of all 
the requisite stop has to be depressed, and after that the 
requisite key is pressed down to its full extent. The light 
immediately comes on at a speed set by the position of the 
swell pedal. For dimming, the keys are depressed onl) 
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half-way. Thus the operator can pre-set any number of 
circuits by first depressing the stops. When the time for a 
change of lighting arrives he depresses the keys and the 
change-over takes place smoothly. A low-voltage circuit, 
operating from a battery, is provided to energise the relays 
which operate the electromagnetic clutches. These relays 
also make it possible to provide master circuits which 
couple large numbers of lights together, and to permit of 
such effects as a rapid blackout. 

In some modern installations, an entirely new lighting 
control principle is used. In these the wire-wound resis- 
tance dimmer has been replaced by an electronic type of 
equipment, in which rectifier valves supply the current 
which goes into the filament lamps. A valve bank, which 
may contain several hundred valves, is situated in some 
convenient place; a typical installation is the one at the 
New Theatre in London, in which the valve bank is located 
on a platform forty feet above the stage. 

In this electronic system of control the three phases of a 
three-phase supply are fed into three thyratrons, which are 
special valves ‘triggered-off’ by the voltage on the grids. 
The three grids associated with the valves for a particular 
circuit are connected together to the output of a miniature 
potentiometer connected to a D.C. supply on the control 
board itself. Thus the loading from the three phases of the 
supply is entirely balanced at all times—a very important 
matter in the use of a three-phase alternating supply— 
and the actual lighting control equipment may be extremely 
small and compact. The valves at present used allow for 
a load of 2 kilowatts per circuit, but additional valves can 
be coupled in parallel if a greater load is needed. Valve life 
is expected to exceed three years’ normal working, but even 
if a single valve were to fail the remaining two would enable 
the circuit to continue to function at reduced voltage. 

In this type of installation it is also possible, by means of 
appropriate relays and change-over switches, to arrange for 
the board to be in two halves. A potentiometer on one 
half can be set up to a pre-determined lighting setting; and 
when required, a change-over switch comprising a handle 
in the centre of the panel, can be operated to change the 
whole of the lighting over to a new setting. 

Another facility provided allows any one circuit to be 
switched out from the general dimming scheme, although 
each set of twelve has a master dimmer, and these master 
dimmers may be coupled together to provide dimming for 
the whole of one-half of the board. 

This scheme has the advantage of requiring a very small 
number of multicore cables between the control panel and 
the dimmer bank: for example, in the installation at the 
New Theatre, only 147 wires are needed for a 144-way 
board, and these wires are no larger than the flex used by 
householders for lamp pendants. 

A further advantage of this scheme is that the energy 
requirements for a given performance are very consider- 
ably less than would be the case if wire-wound dimmers 
were used; this is because there is relatively little loss in the 
dimmers. 

The control equipment can be situated in the front of 
the circle, in the arc projection box, or in any other con- 


venient position. In the Old Vic installation, the control 
panel is situated in a room at the back of the circle, and so 
the operator has a complete view of the stage, as seen by 
the audience. 

All the installations referred to above have been designed 
and manufactured by The Strand Electric and Engineering 
Company Ltd. 


FLUORESCENT LIGHTING 


Yet another solution of stage-lighting dimming has been 
found at the Watergate Theatre, where the stage lighting 
is entirely fluorescent. Here a small fire-proof box, at the 
back of the auditorium, contains the controls, which com- 
prise a system whereby an iron-cored coil is used with a 
separate direct-current supply fed into a separate winding. 
Dimming is effected by variation of the D.C. to saturate 
the iron core. This reduces the voltage applied to the 
fluorescent tubes. With various coloured tubes a remark- 
ably uniform coloured effect can be provided on the stage. 
Absolute lighting control is available at all times, down toa 
very low percentage of light. 

At the Prince of Wales Theatre in Coventry Street, a 
similar system is used for two of the six main stage-lighting 
battens. Here some forty-eight 40-watt two-foot fluorescent 
tubes are used, mounted in a reflector-type trough, and 
coloured white, green, blue and red. The dimming equip- 
ment for these lamps is seen in the accompanying photo- 
graph, and again, the same basic principle is employed. 
The complete dimmer bank, including rectifiers for pro- 
vision of the necessary D.C., the chokes, reactors and 
starters, and all auxiliary equipment are accommodated in 
a very small panel. This provides, as well as smooth 
control, the possibility of interlocking to dim all or a 
number of circuits at once, and all other necessary facilities 
are incorporated. 

These brief descriptions of some of the newer types of 
equipment used to control stage lighting show that there 
are many advantages to be gained by the application of 
either or both schemes, or by the combination of the two. 
Nevertheless, theatre engineers are generally conservative, 
and lack of experience, rather than experience, has made 
many of them tend towards retaining stand-by equipment of 
the older, direct-operated type, for use as a last resort. In 
actual fact, the modern electronic equipment employs far 
fewer moving contact surfaces than is the case with 
mechanically operated gear. A switchboard with one 
hundred dimmed circuits has no fewer than 10,000 dimmer 
studs and resistance connexions, and 200 carbon brushes, 
and all of these need maintenance. The valves used in 
electronic dimmers are of a type which has been thoroughly 
tested in many diverse applications in industry, and the 
resistors and capacitors can be selected from ranges which 
have proved their reliability under prolonged and rigorous 
testing. 

Thus one may expect engineers when they have had an 
opportunity of inspecting the electronic dimming installa- 
tions at present in service, and have had first-hand exper!- 
ence of their reliability, to turn more and more to electronic 
control gear for all major theatre-lighting installations. 
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THE BRITISH ASSOCIATION 


AT OXFORD 


The British Association was entitled to feel well pleased with the success of this 
vear’s annual meeting—held in Oxford from September 1 to September 8—if judged 
hy both qualitative and quantitative criteria. There was no reason for disappointment 
in the membership figure for this meeting. It is true that the figure of just under 
three thousand members represented a fall from the figures for the two previous 
meetings—at Liverpool in 1953, when the membership was 3500, and the vear 
before at Belfast, when the figure was 4600. It needs to be realised that this vear 
the figure was not inflated by the membership of what has been called ‘the junior 
British Association’. This time no special arrangements had been made to attract 
local schoolchildren to the meeting, and in retrospect it is clear that this was wise, 
for the ordinary sectional meetings of the British Association took up practically 
all the available lecture room accommodation, and the addition of a junior British 
Association would have quite overtaxed the resources of Oxford University. 
At Liverpool the junior members accounted for 815 of the 3500 membership, and 
at Belfast the junior membership totalled 9OO, Allowing for the absence of the 
junior section, the Oxford membership figure was therefore quite satisfactory. 

Local membership for the meeting was down, however. But as Dr. E. D. Adrian 
pointed out at the press conference which was held after the meeting, this was 
scarcely unexpected, for the holding of vet another scientific meeting in Oxford is 
not calculated to attract many of Oxford’s scientists: so many scientific conferences 
meet in Oxford that it is rather too like ‘taking coals to Newcastle’. 

As we remarked in the last issue of Discovery, this vear’s B.A. programme 
of lectures looked decidedly better than average, and the experience of most people 
who attended the meeting justifies that comment. Worthy of special mention were 
the sessions that were integrated around a single theme. An outstanding example 
was the double session lasting a whole dav, when the botanists and zoologists joined 
forces for a series of papers on the tremendous theme of “Genetics and the Advance- 
ment of Science’. At that session eight papers covering diverse aspects of genetics 
were presented. There is only room in our report to quote from three of these 
papers, but all of the contributions to this session were excellent, and several were 
quite exceptionally good. 

The opening of the B.A. meeting, at which Dr. Adrian delivered his presidential 
address on “Science and Human Nature’ (which we printed in full in our last issue), 
was marred by the fusing of the lights in the Sheldonian Theatre. This unfortunate 
incident occurred when the powerful lights used bv the B.B.C. in connexion with 
the television transmission were switched on. Possibly the B.B.C. was misled as 
to the load which the Sheldonian’s electrical circuit was capable of carrying, but 
nevertheless the mishap annoyed many people. There was general feeling that the 
B.B.C. ought to take all possible steps to prevent a television transmission, which 
is supposed to enable more people to witness a ceremony, from stopping those who 
actually attend the ceremony from seeing it. 


As usual the British Association had organised a very good programme of 


excursions. These included two visits to Harwell. 


Visitors were given an excellent opportunity of seeing the scientific work of 


Oxford, as all the laboratories in the Science Area were open to inspection for one 
whole evening during the week. 





The most outspoken sectional presidential 
address was that of SiR MoOrTIMER 
WHEELER of Section H (Anthropology and 
Archaeology) on “Colonial Archaeology”. 

He devoted his address to an all-out 
attack on the destruction of archaeological 
relics within the British Commonwealth. 
After citing bad examples from Tangany- 
ika, he said that the rate of destruction in 
Kenya appeared to be even higher, and he 
was sorry to learn that the major criminal 
was the Public Works Department. “The 
great fortification of Siu has completely 
vanished, its materials used for the em- 
bankments on the Lamu-Malindi road. 
And whether at the hands of the Public 
Works Department or at those of uncon- 
trolled Indian contractors in search of cut 


Stone, a part of the ancient walled towns of 


Mtwapa and Old Kilifi, with their medieval 
mosques and tombs, has gone the same 
Way.” 

He said that destruction had not been 


confined to actual destruction in the field: 
equally serious was the absence of ade- 


quate provision for the preservation of 


movable antiquities and records, and of the 
information relating to them. 

Officially each of the territories con- 
cerned has an Antiquities Law. Sir 
Mortimer then criticised these laws for 
their inadequacy; for example in Tan- 
ganyika, the law (dated 1947) is 368 words 
long. “Its definitions are vague and in- 
complete; it contains no general regula- 
tions covering the discovery or export of 
movable antiquities; there is no clear 
definition of the conditions under which 
excavation may be carried out; there is no 
provision for the maintenance of ‘monu- 
ments’: no procedure is laid down even 
for scheduling sites, or for the promulga- 
tion of such scheduling. The Governor 
‘may by order declare any monument or 
group of monuments to be a protected 
monument’, but there is no hint as to his 

417 


+ a eeminee . i. een aaieiodedoementn, 


sources of information or advice. Inshort. 
the puny Act may be dismissed as little 
more than evewash”. 

He said that in none of these British 
territories is there an Antiquities Act up to 
modern standard—up to the standard 
which has obtained in India, Iraq, Pales- 
tine, Cyprus or the United Kingdom for 
more than a quarter of a century. “There 
is no trained staff or establishment, 
however small, to implement intelligently 
such ordinances as there be: thus, for 
example, there is nowhere any official 
schedule of ancient monuments in East 
Africa. And—arising out of these basic 
defects—no background of informed and 
cultivated public opinion has been created 
in these territories: and as a crowning 
factor, with the devolution of political 
power into native hands, the creation of 
such opinion becomes simultaneously 
more dificult and more urgent.” 

As exceptions to the general rule, Sir 
Mortimer Wheeler cited the work of Prof. 
A. W. Lawrence and Dr. Fagg at the 
University College of the Gold Coast at 
Accra. In Nigeria the central archives are 
in good order, and in the Gold Coast some 
steps have been taken to conserve govern- 
ment archives. “In all this one cannot 
help recognising something of the aura of 
the old Slave Coast, in which human 
beings and human interests were mere 
expendable stores. It is not surprising in 
the circumstances to hear from Professor 
Lawrence that ‘over the entire region of 
British West Africa barely a dozen small 
attempts at excavation have yet been 
made’; and as an instance of the barren- 
ness of our knowledge he observes that 
virtually nothing would be known of 
Nigerian prehistory but for accidental 
discoveries of palaeolithic implements in 
the opencast tin-mines of central Nigeria. 
By and large, this is a sad, deplorable tale. 
The one hope at present rests with the univer- 
sity colleges, which are working on the right 
lines; but their history departments are very 
voung and find it difficult to get good staffs. 
Much that I have said about the needs of 
East Africa applies to the West.” 

The situation is far better in French 
territories, which are far ahead of Britain 
in organisation and production. “At 
government level, we have been uncon- 
scionably slow starters: and the remaining 
time, let me emphasise, is short.” 

Sir Mortimer Wheeler concluded with 
these words: **My address has dealt with 
distressful matters, in the sense that our 
own shortcomings, unlike the foibles of 
others, are liable to weigh, and should 
weigh, depressingly upon us. But | at least 
am not a pessimist. | am satisfied that the 
present Colonial administration, granted 
that it is constantly preoccupied with 
matters of life and death, is well-inten- 
tioned in these things. It remains to en- 
sure that the right path is paved with these 
good intentions, and that we do not longer 
loiter over the work.” 

Archaeopteryx and Evolution 

The presidential address of Str GAVIN 
DE BEER to the Zoological Section was 
entitled “Archaeopteryx and Evolution”. 











He spoke of the search that scientisis 
made for the sternum (breast bone) of this 
animal, which he said was now known 
to have been poorly” ossified, and 
largely cartilaginous during life. This 
fact was correlated with the fact that 
this creature, which was half-bird, half- 
reptile, could glide far better than it 
could fly : 

Sir Gavin summed up the character- 
istics of Archaeopteryx as follows: “This 
animal is a mosaic in which some char- 
acters are perfectly reptilian, and others no 
less perfectly avian. In its evolution from 


The Impact 


The zoologists and botanists combined 
together for two sessions devoted to 
papers which discussed Genetics and the 
advancement of science. 

“The Expansion of Genetics” was the 
theme of Prof. C. D. DARLINGTON’S paper. 
He began by pointing out that twenty-five 
years ago genetics was concerned with 
showing how the chromosomes are 
responsible for Mendelian heredity, and 
that Mendelian heredity occurs wherever 
there is sexual reproduction. 

Modest as they were, these principles 
outraged the prevailing views of physi- 
ology, embryology, and evolution. The 
classifier or breeder of plants and animals, 
the physician and the sociologist felt able 
to ignore them as irrelevant or merely 
untrue. Today these conflicts have largely 
vanished. Evolution is embedded in 
genetics, Darwinism is confirmed by 
genetics, physiology is interlocked with 
genetics. Students of breeding, classifica- 
tion, disease or human society are today 
compelled to take account of genetics. 
Genetics is providing the experimental 
basis and it has already become the 
theoretical framework for the study of life. 
How has this transformation come about? 

It is due to an expansion of genetics in 
three directions. The first expansion has 
led to a causal classification of variation. 
Sub-Mendelian continuous variation has 
been identified statistically. Super-Men- 
delian block variation has been identified 
cytologically. The two together have 
extended the visible spectrum of chromo- 
some inheritance so that it will account for 
all evolutionary change. By defining what 
is done by the chromosomes, that is the 
nucleus. in heredity, we have been able to 
specify what is not done by them and what 
must therefore be done by cytoplasm. 
And hence to discover and to distinguish 
between the functions of the cytoplasm in 
its three different) mantfestations of 
heredity, development and infection. 

The second expansion (which links with 
the first) has been due to the growth of 
micro-genetics. In micro-organisms the 
physiological gap between gene and 
character ts telescoped. It becomes experi- 
mentally manageable. What was_ the 
abstract and statistical hypothesis of 
Mendel is shown to us by the row of 
segregating spores in a fungus reduced toa 
concrete and individual fact. Not only 
heredity, but also development and infec- 
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its reptilian ancestors, therefore, the modi- 
fications which it has undergone have 
affected some structures to produce their 
complete transformation while other 
structures have not yet been affected at 
all. In the subsequent evolution from 
Archaeopteryx to the conditions found in 
modern birds, the latter structures, in their 
turn, have been affected with the result 
that in the brain, vertebrae, sacrum and 
carinated sternum, modern birds have got 
even further away from the condition of 
their original reptilian ancestors than was 
Archaeopteryx.” 


of Genetics 


tion appear in a different perspective in the 
higher and lower organisms. So it is that 
their genetical comparison has come to 
provide us with the grand experiment of 
biology. The result has been to show that 
the basic ideas of genetics, self-propagation 
and mutation, crossing over and natural 
selection are fundamental and consistent 
for all cells and all organisms including 
bacteria and viruses. 

The third expansion has come from 
taking genetics out of the laboratory into 
the field (or the city) and showing that it 
works in real life. In studying the habitats 
of populations, the origins of species, or 
the incidence of disease, the causation of 
cancer or of epidemics, we find that 
genetic principles and methods can be 
applied and genetic solutions can be 
reached. 

Genetics is now seen as the study of 
long-range determination in life. In com- 
ing to terms with the rest of biology, it 
will now arouse serious new conflicts 
within the science. But something serious 
will probably happen when it is discovered 
by the world at large that human society is 
a genetic experiment, that it is being con- 
ducted by people who do not understand 
genetics, and, moreover, by people who do 
not wish to understand it. Why? Because 
it conflicts with some of man’s most cher- 
ished illusions, his beliefs in ‘progress’, 
‘free-will, and ‘equality’, in his own 
unlimited improvability, or, as he prefers 
to call it. the capacity of mind to control 
matter. When this conflict is recognised 
and taken seriously there will be some- 
thing of a crisis in human thought and 
behaviour. 

Pror. S. C. HARLAND of Manchester 
University discussed Genetics and Plant 
Breeding. 

Plant breeding, he said, had been an art 
until quite recently; an art empirical and 
immensely effective, bound up with super- 
stition and folklore, but with its rules, on 
the whole valid rules derived from biology, 
though only remotely. Such plant breed- 
ing had wrought very great changes: this 
can be seen today in the High Andes, for 
example, where the prototypes of our 
modern potatoes can be found, growing at 
the edge of fields and no bigger than 
walnuts, while close at hand there are 
cultivated potatoes with tubers up to a 
pound in weight. The changes achieved 
by the plant breeders are both quantitative 
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and qualitative: thus the Japanese radish 
can weigh up to 40 Ib.; tobacco can be 
bred which contains practically no nicotine, 

The basic technique of the plant breeder 
is that of selection acting on variability, 
Hybridisation is used as a method of 
increasing variability and for combining 
the good qualities of different strains. It is 
perfectly possible to breed plants using 
these techniques without any knowledge 
of the genetical aspects of the material and 
still attain very great success: the modern 
cauliflower, for example. owes nothing to 
genetics. 

The old-fashioned plant breeder based 
his selection on what the plant looked 
like, though this might have no relation 
to the quality of its offspring. It was 
hard for him to realise that the char- 
acteristics of the progeny was the import- 
ant thing and not the appearance of the 
parent. Animal breeders found this out 
quicker than plant breeders; racehorse 
breeders have known for a very long time 
that all winners of classic races do not 
make good sires, and since a lot of mone) 
is sunk in the sire they do appreciate that 
the breeding quality of a sire is to be 
judged by the quality of his ‘get’; that is, by 
the genotype, as opposed to the phenotype. 

Prof. Harland referred to *Fairchild’s 
Mule’, a cross between the Sweet William 
and the Carnation, which can be seen in 
the herbarium of the Botany Dept. of 
Oxford University. This cross was made 
in 1708 by Thomas Fairchild. It was the 
first artificial plant hybrid ever made, and 
Prof. Harland described it as being “as 
important in biology as the original Wright 
plane is in aeronautical science’. With 
hybridisation added to selection as a 
weapon, the plant breeder could now try to 
unite in a single strain the good qualities 
of several. He could still do this without a 
knowledge of genetics. 

Many have been led into a profound 
scepticism regarding the value of genetics 
to the plant breeder. Prof. Harland said 
that the advent of the ‘phrase-crammed’ 
graduate into the field of plant breeding 
has not helped genetics in its attempt to 
help the empirical plant breeder, who does 
at any rate know his material as a mother 
knows her child. But Prof. Harland 
vigorously stressed the fact that plant 
breeders who employ genetical ideas can 
achieve the effects they “desire sooner than 
is possible with purely empirical methods. 

Genetics and Animal Breeding was dis- 
cussed by Dr. A. ROBERTSON, of Edin- 
burgh University’s Institute of Animal 
Genetics. Immediately after the redis- 
covery of Mendelism at the beginning of 


the 20th century, several investigations 
were started on the _ inheritance of 
characters of economic importance in 
farm animals. These usually took the 


form of making wide crosses and then 
inter-breeding the hybrids so obtained. 
This way it was hoped to produce new 
breeds combining, say, the milk yield of 
the Friesian cow with the richness of the 
Guernsey’s milk. What was discovered by 
such work was that things like milk yield 
are inherited in a complicated way, 
probably being controlled by the action of 
many pairs of genes. 
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The early optimistic experiments were 
followed by a period of stagnation. which 
was inevitable so long as the theoretical 
background was insufficiently developed. 
The essential part of the fundamental 
knowledge required had been collected by 
1930, and then the application to prac- 


tical problems began to make great 
advances, particularly in the United 
States. 


As might be expected, the new approach 
is In essence statistical. Its practical 

value is not sO much in suggesting new 
aia likely to produce rapid improve- 
ment but rather in- integrating many 
different aspects of animal improvement 
and therefore allowing rational comparison 
of different methods such as inbreeding, 
progeny testing and so on. 

But the development of adequate tools 
for the genetics does not in itself lead to 
improvement. Any plan, if it is to be of 

national benefit, has to be fitted in to 
the existing biological and agricultural 
structure. 

Our criterion of ‘improvement’ must 
be economic but it is sometimes difficult 
to translate this into measurements on the 
animal. In hill sheep, for instance, where 
the farmer has three main sources of 
income, wool, surplus ewes, and fat 
lambs, it is by no means certain what 
constitutes a superior animal—whether it 
should have long legs or short, a heavy or a 
light fleece. In pigs, we know what con- 
stitutes a good side of bacon but it is 
difficult for the individual breeder to get 
adequate information on the carcass 
characteristics of his animals. 

Dr. Robertson concluded by saying 
that another problem is the existence of a 
social structure between breeders in which 
the genetic situation in a breed may be 
determined by the policies of quite a 
small number of breeders. Any pro- 
grammes of improvement have then to 


be considered not only from a genetic 
point of view but also from these other 
aspects. 

Pror. L. S. PENROSE, who is Galton 


professor of genetics at University College, 
London, read a paper on Genetics and 
Medicine. 

The study of the contribution of hered- 
ity to disease has been an integral part of 
medicine from the earliest times. Indeed 
the formal pattern of inheritance for 
several rare diseases, notably haemo- 
philia, deaf mutism, Huntington's chorea, 
was recognised long before the rediscovery 
of Mendel. Very soon after 1900, the 
systematic interpretation of hereditary 
disease in Mendelian terms began and this 
has continued until today. An enormous 
number of morphological peculiarities and 
progressively degenerative conditions are 
now known, in each of which the chief 
causal factor is a single gene. Until 
recently, the collection and description of 


such conditions, most of which are, 
individually, rare, has been the main 
contribution of genetics to medicine. 


Since it is usually believed that the effects 
of heredity are unalterable, an important 
task for the clinical geneticist is conceived 
as the prevention of hereditary disease by 
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Scientific places and objects of historical interest abound in Oxford, and they attracted 


members. 
“Science in Oxford” 


many B.A. 
the article on 


was the 
B.A. members, Dr. C. B. 
armillary sphere (ce. 
it in 1601 from Sir Josias Bodley, 


advice to prospective parents. Other 
more drastic methods have been advo- 
cated by eugenists with 
ridding the population of harmful genes. 

At this point a divergence of aims in 
medical genetics becomes noticeable. 
Traditional medicine is concerned with 
the health of the individual but eugenics 
concerns itself with future generations. The 
assertion is persistently made that the 
triumphs of medical science result in pre- 
serving hereditary weaklings, who would 
have perished under natural selection. 
Thus, genes which ought to have been 
eliminated are being fostered. Behind a 
facade of improvement due to hygiene and 
adequate nutrition, the population is said 
to be deteriorating both mentally and 
physically, heading (according to Muller) 
towards biological chaos. If this is true, 
then the aims of medicine and eugenics 
are diametrically opposed. 

The soundness of eugenic arguments 
can, however, be questioned from many 
points of view. Most significant is the 
knowledge that genes are often, and, 
possibly, usually, neither wholly good 
nor bad. They can be favourable in one 
context and unfavourable in another. 

For example the sickle cell gene pro- 
tects the possessor from malaria but in 
some circumstances it produces severe 
anaemia. Control of malaria actually 
reduces its incidence. In other examples, 
disease results from an exceptional con- 
catenation of perfectly normal genes, as 
when there is incompatibility between 
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the object of 


A factor which undoubtedly helped to arouse such interest was 
published in DisCOvERY: 
pay no less than four visits to the Oxford Botanic Garden. 
Museum of the History of Science in Broad Street; 
Williams and Mr. Cyril Newberry 
1595), lent to the museum by the Bodleian Library which acquired 
brother of the founder of the Bodleian. 


this prompted one visitor to 
Another centre of attrac tion 
the photograph shows two 
inspecting a Prolemaic 


mother and foetus. It is thus an unsound 
general policy to try and get rid of genes 
unless we are sure that the harm they do 
outweighs the good. The future require- 
ments of the human race are not known 
and variety is, on general principles, 
advantageous. 

There is as yet no direct evidence of 
deterioration of the human stock due to 
medical care and no convincing theoretical 
reasons for expecting it. 

The knowledge provided by genetics 
can be used indirectly as a weapon against 
disease in the study of genetics of patho- 
genic parasites. The direct attack on 
disease will be greatly helped by the pro- 
found knowledge of inherited biochemical 
constitution initiated by the work of 
Garrod. By finding out what different 
genes actually do in the body, how these 
effects can be used to greatest advantage 
or neutralised, is the primary problem for 
medical genetics in the future. 


X-Ray Spectroscopy in Archaeology 
One of the research workers who took 
part in the investigations that revealed the 
extent of the Piltdown skull fraud was 
Dr. E. T. Hall of the Clarendon Labora- 
tory. He has developed an X-ray spectro- 
scope which was used in the Piltdown 
investigation. This is an ideal apparatus 
for the non-destructive analysis of museum 
specimens where absolutely no damage Is 
permissible. 

The object is irradiated with white 
X-radiation and the fluorescent radiation 








given off will be characteristic of the 
elements the object contains. This 
fluorescent radiation is analysed by a 
rocksalt crystal and Geiger counter. The 
apparatus is automatic and the results 
are printed on an electrical calculating 
machine and also plotted graphically. 
Once the object has been placed in posi- 
tion no attention Is necessary. 

The method has been used for the 
tracing of trade routes in the ancient 
world by finding similarities in the compo- 
sition of coins from different states; also, 
the analysis of metals used in ancient 
times can give us clues to the techniques in 
use forfabricating weapons, ornaments,ete. 

Considerable research has also been 
undertaken into the composition of glazes 
on porcelain and = china—particularly 
English 1l8th-century and Chinese. The 
analysis of the Piltdown fragments 
for chromium and iron was also done 
using this technique. 


Seagulls, Sewage and Tapeworms 

The spread of the eggs of the “beef tape- 
worm (7aenia saginata) in sewage was 
discussed by P. H. Silverman, an A.R.C. 
research worker at the Liverpool School 
of Tropical Medicine. 

He said that 50°,, of the cattle in Eng- 
land drink water that ts polluted with 
sewage. Each gallon of raw sewage con- 
tained one to six tapeworm eggs, which 
may readily pass through sewage farms 
and emerge in the final effluents. 
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Birds probably help to spread the tape- 
worm eggs to cattle, being able to ingest 
the ova and deposit them in a viable state. 
Birds have unlimited access to sewage 
farms, and one often finds birds picking 
morsels Out of sewage tanks, filter beds 
or sludge. It is obvious that these same 
birds visit pastures on which cattle graze. 

The speaker drew attention to the un- 
savoury habits of seagulls which often 
eat raw sewage during the day and roost 
for the night on the local water reservoir. 

Probably the sewage sludge used by 
farmers as a fertiliser provides another 
source of infection for cattle. In Germany 
and South Africa, roundworm infections 
in man have been traced to sludge used 
as home garden fertiliser. The eggs of the 
roundworm have much in common with 
the tapeworm in their ability to resist 
adverse conditions. 

Mr. Silverman stressed the urgent need 
to control “beef tapeworm’ infections in 
man and beast, and said that the best 
means of control could probably be 
instituted at the sewage works. Ways 
and means must be found of preventing 
birds from gaining access to raw sewage. 
The smallness of this country enables 
seabirds, after feeding in sewage-infested 
waters, to easily fly inland on to pastures 
and water reservoirs, so that the filthy 
habit of dumping untreated sewage into 
nearby bodies of water must be stopped 
and replaced by more civilised treatment 
processes. 


Theory and Practice in 
Weather Forecasting 


A whole session of the Mathematics and 
Physics Section was devoted to the subject 
of weather forecasting. The first speaker 
was Dr. R. C. SuTCLiFFE of the Meteoro- 
logical Office, who expressed the view that 
it is impossible through the general 
weather-forecasting service to advise every 
individual according to his particular 
interests, and the onus of interpreting 
generally broadcast information must pass 
largely to the user of it. 

He said that, so far as can be judged at 
present, forecasting will remain a matter 
of probabilities rather than certainties. The 
public will have to be content with good 
guidance on the average, and accept 
occasions when what seemed improbable 
beforehand occurred in actuality. Ideal 
forecasting implies a knowledge of the 
state of the atmosphere for every point 
and every instant in the future. In fact, 
observations in the free atmosphere are 
separated by two hundred miles or more 
in distance and by intervals of six or 
twelve hours in time. Thus the forecaster 
never knows in detail the state of the 
atmosphere either before or after his 
prediction. 

Dr. J. M. STAGG, a colleague of Dr. 
Sutclitfe’s at the Meteorological Office, 
discussed methods of forecasting more 
than thirty-six hours ahead. He began by 


saying that attempts to extend the short- 
range forecasting methods to three, four, 
five or more days ahead have not been 
conspicuously successful; the accuracy 
falls away very quickly after the first 
30-36 hours. | 

The dominating thought behind all the 
work on long-range forecasting stems 
from the supposition that a mechanism 
might be discovered to control the history 
not of just a single depression but of a 
series of depressions over a period of many 
days. The amount of control exercised 
by this concealed mechanism and _ its 
sphere of influence would change from 
time to time, but it would change much 
more slowly and more deliberately than 
the surface weather systems. 

Dr. Stagg cited the results of one study 
which was designed to detect whether 
there is a rhythm within a series of 
barometer readings. When barograph 
records are joined together and the time 
scale is telescoped so that the pressure 
changes for 3-4 months are compressed 
into a small compass, the day-to-day 
fluctuations which accompany the passage 
of depressions are still conspicuous. But 
in addition longer period oscillations 
appear: these are smoother than the 
abrupt day-to-day changes and persist 
sometimes for periods of several weeks. 
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These gentle oscillations in the atmosphere 
pressure at any One place can be correlated 
with similar oscillations at other places in 
the same general area, as if the atmos- 
phere were demonstrating its deeper 
breathings as distinct from the shorter 
period and more turbulent pantings. 
Workers in Germany, Britain and else- 
where have analysed such pressure data 
In every conceivably useful way, and a 
great range of alleged periodicities have 
been found. But little of value for fore- 
casting purposes has emerged. 

The difficulty about basing a fore- 
casting system on some mechanism which 
seems tO give rise to reasonably well- 
detined periodic effects was explained by 
Dr. Stagg in the following words: 

The atmosphere is such a complex and 
finely adjusted machine, and its constitu- 
ents are so interconnected, that [one finds| 
at One stage the machine is going along 
nicely and following all the empirical 
rules, only to receive a jolt either from 
outside ina burst of solar radiation, or from 
within as a surge of cold air from one of 
the polar caps, or by a transfer of energy 
from one hemisphere into the other: the 
upshot is a change of intensity or a new 
rhythm throughout the whole mechanism, 
and all the earlier correlations then need 
readjusting. 

A better insight into the working of the 
‘weather machine’ has been obtained in 
recent years. One leading school has 
made considerable progress under the 
leadership of Prof. C. G. Rossspy. The 
U.S. Weather Bureau tried the introduc- 
tion of forecasts for 5-30 days ahead, but 
in practice this proved disappointing. Dr. 
Stagg stressed the fact that it is easier to 
forecast American weather than the 
weather of the British Isles which are wide 
open to the main westerly air circulation 
and therefore constitute one of the most 
disturbed and changeable weather areas in 
the world. 

Dr. Stagg called attention to the need 
for better knowledge of how the atmos- 
phere works in relation to the sun. “No 
One knows why it goes sluggishly for a 
few weeks or even months over great parts 
of a hemisphere, or how it seems to 
derive fresh bursts of energy. Until 
more is known about the causes of 
change, and what in turn causes them, all 
attempts at long-range forecasting must be 
empirical.” 

The final paper in this session was by 
Pror. C. G. RossBy, who is now professor 
of meteorology at Stockholm University. 
who talked about the evolution § of 
numerical forecasting methods and the use 
of high-speed electronic computers in 
forecasting. 
Technical Men and_ Industrial Policy- 

making 
In the days of Boulton and Watt, the 
managerial ranks were full of engineers. 
In Britain today the proportion of the 
makers of industrial policy who are 
technical men is very much smaller. A 
most illuminating paper on the status of 
the engineer in management was presented 
to the Engineering Section by Bosworth 
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Monck, who is technical and research 
adviser to Spicers, the paper-making firm. 

The full paper has been published by 
Engineering, and this is particularly worth 
consulting, for Mr. Monck’s statistical 
analysis showing the percentage of techni- 
cally qualified directors in each of fifteen 
industrial categories into which he has 
placed the 725 public companies covered 
by his survey. 

This information is conveniently set 
out in a table: a small part of that table 
is reproduced at the top of this page. The 
firms involved are all public companies, 
and the figures show the situation that 
existed in 1952. 

Mr. Monck’s comments on the situation 
revealed by his full table were as follows: 

(1) It is remarkable that more than two- 
thirds of the directorial oligarchy were 
without technical qualifications. The 
firms at the top of the table—the firms 
with the highest proportion of technically 
qualified directors—are those which are 
generally agreed to be those competing 
most effectively in world markets. 

The big half-way cases are shipbuilding 
and vehicles, the sectors where post-war 
shortages have been most marked. Among 
ship-owners now price and delivery are 
the key points: in vehicles, the suitability 
of design for overseas use and good 
service: these are precisely the points 
where technical skill can make a decisive 
contribution to management, and it Is 
ominous that both these big groups only 
reach the middle of the table. 

(2) It is predominantly the s/aller 
companies in each industry which are 
without technical men on the directorial 
boards, the most important exception 
being shipbuilding. In the board-rooms 
of well over a third of the public com- 
panies in the engineering industry—about 
a quarter of the total capital—no qualified 
technical voice is ever heard. 

(3) Although 9°5°, of the directors in 
1952 were accountants, there is not yet 
Statistically one for each company in the 
table, whereas there is on the average one 
technically qualified director per com- 
pany. Technical men claim that the top 
positions go increasingly to accountants: 
vet the table shows that 28°5°,, of the 725 
tirms have a chartered engineer in at least 
one of the top jobs—chairman, managing 
director, etc. Enlightened engineers recog- 
nise the accountant’s art as an aid to 
effective management. Moreover, it should 
be noted that the company’s accountant in 
the practice of his trade necessarily has to 
take part in all aspects of its affairs, whereas 
at least some engineers are unwilling to 
equip themselves to do likewise by under- 
Standing arts other than their own. 

Mr. Monck compared this situation 
with that existing in the main nationalised 
industries in 1952: the second table printed 
On this page summarises the sets of facts 
for these two sections of industry. 

This shows that from the technological 
point of view the boards of the nationalised 
industries and services are stronger than 
those of the engineering industry as a 
whole, and indeed stronger than any 
section of it save aircraft. But 75 directors 
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o' of ad 
pe Cone Technically Number of Fimwndl 
Qualified Companies £°000 
Directors 
Aircraft and components. 42-5 20 "i 13,839 
Railway, marine and mining equip- 
ment 32°5 63 35.548 
Heavy electr ical equipment 4:6 28-0 72 116.939 
Internal combustion engines (not 
vehicles) Zio 13 IS,YI8 
Structural and civil engineering 22°5 69 29,954 
Heating and ventilating equipment 22:0 36 20,157 
Shipbuilding and repairing ¥8 Ze°3 22 78,275 
Machine tools and other manufac- 
turing equipment 19-0 86 42,194 
Road vehicles, cycles, components and 
accessories i = 18-5 12] 138,325 
Light electrical engineering, including 
radio, ete. 1&-S 40 30.220 
Instruments. 16°5 22 12,931 
Various other branches - 15:5 56 50,538 
Castings, forgings, stampings and 
pressings i ~ 14-5 63 15,632 
Agricultural, contractors and earth 
moving equipment 14:0 24 11,048 
Office equipment 3 Is 12,659 
Total 21-5 725 623,206 
Technically | Chartered 
Qualified Engineers | Accountants 
Directors 
0 oO oO 
) a) oO 
Nationalised Boards 36°0 26°5 79 
Engineering industry 21-5 16-0 9-5 














are managing eight industries together 
four times the size of the engineering 
industry divided into 725 units with over 
4000 directors. So in these vast under- 
takings the level of technical attainments 
lower down the scale is more important 
than in the relatively much smaller con- 
cerns in the ania industry. 

Mr. Monck stressed that, when it 
comes to policy-making, technical ability 
alone is not enough. Directors have to 
be able to work together as a_ board: 
ability to work together gives even the 
moderate administrator the setting in 
which to do his job well. 

“If engineers are to take the place due 
to them in board-rooms they too must 
equip themselves for the part. Engineers 
must turn their attention to all the tools 
of management and be expected to 
understand what art there is in selling 
and what contribution costing can make 
and what the newer sciences, grouped 
under the term ‘social engineering’, can 
do for better selection, training and 
performance of the whole team. Can this 
be claimed for our engineers?” concluded 
Mr. Monck. 


Technical Colleges and their Contribution 
to British Engineering 
The contribution of our technical colleges 
to Britain’s supply of qualified engineers 
was discussed by the Principal of S.E. 
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London Technical College, H. A. Warren. 
He said that much of their work was 
more closely analogous to university work 
than the National Certificate course. 
More than SO technical colleges have 
courses recognised by the University of 
London and a few are in affiliation with 
provincial universities, whereby the student 
may gain the award of an External (in a 
few cases Internal) Degree as the result 
of attendance at the technical college 
only. Efforts are now being made by the 
technical colleges—through their asso- 
clation—to secure recognition for a new 
national award—Dzip.Tech. or B.Tech.- 
in connexion with full-time studies in 
Higher Technology. Such courses and 
their resulting award would, it is pro- 
posed, be restricted to about IS major 
technical colleges whose facilities would 
be expanded and improved. 

A paper dealing with the problem of 
getting recruits for the engineering pro- 
fession was given by Donald Lindsay, 
the headmaster of Malvern College. He 
said that schoolboys are ignorant about 
what engineering involves and demands. 
Parents are remarkably ignorant as to 
the intellectual standards required; thus 
parents whose sons have scraped a pass 


at ordinary level in the G.C.E. examina- 
tion have been known to say, when dis- 
cussing careers, ““We rather thought 


Harwell might be a good opening.’ 








Mr. Lindsay thought it would be a 
great help if the engineering profession 
could supply careers masters with accurate 
and simply stated information of the ways 
in Which boys can enter the profession and 
the academic standards required at each 
level. 

He mentioned the desperate shortage 
of science teachers. “To solve this is the 
most important need tor recruitment to 
engineering or to any profession which 
expects its recruits to have been adequately 
grounded in the natural sciences.” 


Metallurgy and Atomic Power Production 
Two promising new processes for the 
extraction of uranium from its ores were 
described to the Chemistry Section by 
Dr. H. Finniston, head of the Metallurgy 
Division of Harwell. One was an oxide 
reduction process and the other was a 
chloride process. The latter could also be 
modified for use in extracting thorium 
metal—the source of U233. 

Dr. Finniston brought out the contribu- 
tion which the metallurgist has to make to 
the design of more efficient atomic power 
units. One aim of the designers is to 
attain and exploit higher temperatures in 
the piles, and he described three advanced 
types of fuel elements designed for higher 
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Agrobiology: Essays on Problems of 
Genetics, Plant Breeding and Seed Growing 


By T. D. Lysenko (Moscow, Foreign 
Lancuages Publishing House, London, 
Collet’s Holdings Ltd., 1954, 636 pp., 
/5s.) 


The appearance in 1954 of this series of 
essays (and speeches), issued presumably 
for the consumption of English-speaking 
readers, marks a further stage in the 
revolting story—throughout connected 
with the name of the author of this bobok— 
of the eclipse of genetics in the Soviet 
Union, and of the death, persecution or 
disappearance of scores of devoted 
workers in this important branch of 
knowledge. 
[he Soviet now been in 
existence for thirty-seven years, and 
during that period it has survived 
famine and war to become a rival and 
competitor of the United States of 
America in the realm of technology. But 
while technological progress has been 
very great, and while the engineering side 
of agriculture has made much progress, 
there has been very little progress on the 
biological side, especially in the application 
of genetics to the improvement of plants 


Union has 


and animals. This is mainly because 
genetics—quantitatively the most exact 
branch of biology —has been for years 


jeered at, derided, and finally ejected from 
the Research Institutes and Universities 
of the Soviet Union as clerical, idealist, 
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operating temperatures. In one case the 
fissile material was embedded in thorium, 
Which had a melting point of 1700 C, or 
in zirconium (melting point 1860 C). 


In another case the uranium was com- 
bined with other substances to form 
ceramic or ceramic-metal fuel elements 


such as uranium carbide, which could also 
withstand high operating temperatures. 
Lastly, the uranium could be used in the 
form of a slurry where a high melting-point 
uranium compound was carried in a 
molten metal—for example, uranium car- 
bide in molten lead. Such ceramic fuels 
and the slurries might prove best in the 
long run. 

All these developments, Dr. Finniston 
emphasised, would require the use of 
entirely new types of alloys for construc- 
tional purposes. A non-inflammable 
magnesium alloy had already been speci- 
ally developed for use in the Calder Hall 
power station reactors. 

Stressing the importance of zirconium 
in nuclear energy development, Dr. 
Finniston said that special zirconium- 
based alloys were required for several 
types of nuclear reactors, and special 
high-strength, corrosion-resistant alloys 
were being investigated as alternatives to 
steel for reactor construction. Beryllium 





might also be an important material in 
reactor construction in the future. 


Climate and Human Shape 

How the bodily features of native peoples 
vary with climate was described in some 
detail by Dr. D. F. Roberts of Oxford 
University’s Dept. of Human Anatomy. 
These were some of the generalisations 
that he made: 

Average body weight tends to be lower, 
the warmer the habitat. This is probably 
due rather to differences in body shape than 
to nutritional differences. In hot climates, 
the trunk tends to be shorier and the legs 
longer: the greater leg length is due 
especially to elongation of the distal part 
of the limb; the foot is relatively longer 
and the calf circumference is smaller. A 
similar effect is found with the arms, which 
tend to be longer in hot climates. The 
warmer the habitat, the smaller the chest 
girth, shoulder breadth and hip width. 

These variations bring about a bigger 
surface bulk ratio in peoples of hot 
climates; heat loss depends on the body's 
surface area, whereas heat production 
varies with the mass of metabolicalls 
active tissue. Thus the different body 
shape favours the maintenance of a 
favourable heat balance. 
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and ‘of the devil’ (Lysenko’s own phrase). 
Deprived of this great corpus of techniques 
and knowledge, the Soviet workers are 
given primitive methods and ideas of 
that genial old fruit-breeder Michurin, 
amplitied and extended by Lysenko, 
which are about as effective for the 
solution of the really tough plant breeding 
problems of the Soviet Union as the 
techniques of the I6th-century clock- 
maker would be for the construction of a 
20th-century precision watch. 

Genetics as the science of heredity has 
never been in a happy state either in the 
Soviet Union or in this country, where it 
merely suffers from the disadvantage of 
not being taken seriously. On the one 
hand we see intricate questions about 
human heredity referred by otherwise 
reputable newspapers to the apocryphal 
‘Family Doctor, whose views about 
matters he doesn’t understand are, to say 
the least, curious in the extreme. We also 
see heavily publicised the results of much 
laboriously conducted — pre-Mendelian 
plant breeding and we observe (with 
surprise and regret) the persistently naive 
approach to tree breeding of the Forestry 
Commission. In the Soviet Union 
genetics Was taken very seriously for a 
relatively short time after the Revolution, 
thanks to the vision and foresight ot 
Vavilov and others, guided and sustained 
in their efforts by Lenin, but after fighting 
a rearguard action for many years came 
to an ignominious end in 1948. The 
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unsavoury story of how this took place is 
told in the verbatim report of the Proceed- 
ings of the Lenin Academy on Agri- 
cultural Sciences of the USSR (‘The 
situation in Biological Science’). Genetics, 
however, is not an easy subject to under- 
Stand, so that politicians and admini- 
Strators brought up by unbiologicalls 
minded parents, grandparents and nurse- 
maids, thereafter breathing scholastic air 
heavily redolent of beliefs in telegony 
and the inheritance of acquired characters. 
do not readily absorb the basic principles 
of a branch of biology at once phsycho- 
logically obnoxious, philosophicalls 
distasteful and always at variance with 
their preconceived ideas of the equality 

-Or inequality—of man. 

At the same time that Lenin= was 
actively supporting a modern organisation 
of plant and animal breeding according 
to the principles of orthodox genetics, a 
campaign against genetics was in the 
process of being waged in other quarters. 
The history of this campaign has been 
ably summarised by Julian Huxley tn his 
book Soviet Genetics and World Science. 

Huxley stresses the point that although 
neo-Mendelian genetics was activels 
encouraged in the USSR for a_ period 
from 1922 onwards, it soon encountered 
hostility from political and ideological 
quarters. As has been implied, the 
politicians disliked Mendelism because it 
implied the genetical inequality of man— 
great differences from man to man of 
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ATOMIC 
ENERGY 


AND ITS APPLICATIONS 


By 
J. M. A. LENIHAN 


M.Sc., Ph.D., F.lnse.P., Physicist to the Western Regional 
Hospital Board, Scotland. 


This new book provides a simple account of the physical 
foundations of nuclear science, a concise description of their 
applications and a guide to future progress in the exploitation 
of atomic energy. Neither a textbook of atomic physics nor a 
catalogue of its applications, ic combines the most valuable 
features of both. It is fully indexed, illustrated with diagrams 
and photographic plates, and will prove a valuable source of 
information for teachers and students, and all who want to 
know more about the achievements and potentialities 
of this branch of appiied science. 


265 pages. 22s. 6d. net 
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A Statue to 
Mr. Trattles 


By C. L. Boltz 








If you like Discovery you will like this 
collection of pieces on scientific topics 
by a contributor you know. He writes 
on Dancing Bees, Quicksands, Colour 
Blindness, The Cathode Rav Tube, X- 
rays, and many other topics in a 
language you can understand and in a 
both intelligent and 


style which ts 


entertaining. 


Price 12s. 6d. 
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ANALOG METHODS 
IN COMPUTATION AND 
SIMULATION 


Waiter W. Soroka 


Professor of Engineering Design, University of California 


This is the first comprehensive text to present in 
a unified manner the field of analog computers. 


It describes mechanical, electro-mechanical, electri- 
cal and electronic analog components for per- 
forming basic mathematical operations, and shows 
how such components may be combined into 
mathematical machines for solving sets of simul- 
taneous linear algebraic equations, polynomial 
equations and differential equations. 


Recent advances are covered, including mechanical, 
electro-mechanical and electronic function genera- 
tors: schemes for multiplication of variables, 
application of high gain negative feed-back ampli- 
fiers to computing circuits. 

53s. 6d. 


9 x 6 inches 400 pages 


Available shortly from your Bookseller 
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hereditary kind. They wanted a pro- 
gramme for the education and training of 
human beings, and by a simple extension, 
to plants, animals and living organisms in 
general, based on the inheritance of 
acquired characters. Quite early in the 
post-Revolutionary period, Lunacharsky, 
the Commissar of Education, sponsored a 
film on the work of Kammerer, the 
Austrian biologist, who claimed to have 
induced the inheritance of acquired 
characters in toads and salamanders, and 
whose material was found to have been 
faked. The political biologists of the USSR 
preferred to believe that the faking, if any, 
had been done, not by Kammerer, but by 
bourgeois enemies for ideological reasons. 
It is thus clear that while Vavilov and his 
co-workers in plant breeding were follow- 
ing a methodology which was the outcome 
of neo-Mendelian studies, the education- 
alists were in ideological opposition to 
genetics from the beginning. As Huxley 
says, “The idea of human inequality must 
be distasteful to those responsible for 
directing a professedly egalitarian society.” 
In 1932 Haldane foresaw that Russian 
science might be endangered by its 
intimate association with the State. “It is 
possible’, he said, “that it may lead to 
dogmatism in science and to the suppres- 
sion of opinions which run counter to 
official theories.” How right he has proved 
to be! Official theories were based on 
belief in the inheritance of acquired 
characters. How long, in face of official 
theory could the study of human genetics 
be pursued? In 1933 Vavilov told me that 
Levit, the Director of the Medicogenetical 
Institute in Moscow, whose studies were 
revealing profound inequalities in human 
beings, was in a very difficult position. 
“It was dangerous for him’’, said Vavilov, 
‘to publish his work, for many of our 
high-up people do not believe in human 
inequality at all. I think’, he continued, 
“that some of the Siberian tribes have a 
lot of very stupid people, but our Com- 
missariat of Education does not agree. 
Levit did publish his work, with the Tesult 
that the study of human genetics in the 
Soviet Union came to an end in 1936, 
when, quoting Muller “The Medico- 
genetical Institute, which with its numerous 
staff of biologists, psychologists and more 
than 200 physicians, constituted a shining 
example, unmatched anywhere in_ the 
world, of the possibilities of human 
genetics, was vilified and misrepresented 
in Pravda and then dissolved.” 

It is not therefore surprising that when 
Lvsenko came on the scene he was warmly 
welcomed as the agrobiological spokes- 
man of the Lamarckian party line. He 
had, apparently, all the qualities necessary 
for this role. Not only did he promise 
miracles, but he promised them quickly, 
by Lamarckian methods! He was not one 
of these crack-pot professors who worked 
on useless things (projects?) like mutation 
rates or chromosome inversions. He was a 
grass roots peasant with his feet on the 


ground, and just enough education to 
realise how ignorant all other biologists 
were from Mendel to his late college 


professors. 
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But so dire was, and is, the need of the 
Soviet Union for solutions to urgent 
practical problems, that he who promises 
miracles and does not perform them will 
sooner or later find himself in a= very 
difficult situation indeed. His vast vernal- 
isation schemes failed dismally: his late- 
planted potatoes were apparentiv a 
success. He had to go on with his miracles. 
Let the perspiring peasant perform a 
marriage for love among his wheat plants. 
Let the Michurinites go into fields of rye, 
search diligently among the ears and bring 
back grains of wheat (or else). Let the 
worker when planting forest trees plant 
several in a hole instead of one—a good 
piece of practical advice which coffee plan- 
ters in Brazil discovered many years ago. 
But mixed up with these inanities is one 


minute sign of a return to sanity, in the 
spirit of a schoolboy going to school 
walking backwards. The American 


methods of exploiting hybrid vigour in 
maize are now cautiously recommended — 
a complete volte-face since Lysenko has 


always attacked inbreeding, even as a 
useful tool for the plant breeder. Those 
who have followed the numerous 


enlightened commentaries on the work ot 
the Lysenko school which have appeared 
in this country and the U.S.A. will find 
little that is unfamiliar in this quantita- 
tively cheap book. Since 1948 Lysenko’'s 
Satellites have been discoveri ing astonishing 
cases of the transmutation of one species 
into another. First tetraploid wheats 
coverted themselves into hexaploid bread 
wheats. Then wheat was transformed into 
both barley and rye, and cabbage went off 
into other species of Brassica. It is, how- 
ever, pleasing to note that Lysenko’s 
observation of a birch branch with some 
modified leaves resembling those of an 
alder was surprisingly not found by a 
special commission to be a case of inter- 
specific conversion, but due to attack by 
Exoascus betulinus. A’ perusal of the 
extensive bibliography of L ysenko- s works 
reveals such interesting titles as ‘Potatoes 
should not be planted in summer before 
the dates fixed “( 1951) and “The collection 
and winter storage of acorns” (1949) and 
“We must prepare more potato tops” 
(1947) 


Mr Lysenko’s first novel is devoid of 


promise and whatever he has to say nearly 
always commands our disrespect. 
S. C. HARLAND 


Essential German for Science Students 


By R. W. Buckley (London, University 
of London Pres be 1954. 256 PP... OS, 6d.) 


Mr. Buckley's aim in this text 1s to teach 
a sufficient Knowledge of German to enable 
physicists and chemists to read and 
translate German works in their own 
fields of study. Within these limits it is a 
well-conceived and well-produced volume, 
consisting as it does of three sections. The 
first section teaches grammar and basic 
vocabulary by means of a series of lessons 
in Which grammar and vocabulary are 
combined with a short text and some 
exercises. In general, this is well done with 
valuable notes on cognate words in English 
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and German. Some of the exercises in this 
section appear to involve a more active 
knowledge of the language than Is necessary 
for such a passive purpose. Mr. Buckley's 
notes On grammar are accurate, though 
not always explicit enough for the student 
working without a teacher. 

The second section consists of scientific 
passages for translation from German. 
with notes appended. This again is wel! 
done, but possibly the addition of speci- 
mens of completed translations might help 
the untutored student. A broader tield of 
selection of subject matter would have 
widened the appeal of the book to include 
those students whose main study is not 
physics or chemistry, but one of the other 
sciences. Section III is a summary of 
grammar, which expands the_ shorter 
grammatical notes of the first section. 
This necessarily leads to a good deal of 
repetition, since Section III is fairly 
complete. An index to this section would 
be helpful for reference purposes since the 
grammar is dealt with in a different order 
from that followed in Section I. The book 
is rounded off with a useful list of abbrevia- 
tions and a German-English vocabulary 
which is preponderantly scientific. 

A couple of inaccuracies ( p. 72 HW/RD 
SETZT tor WIRD GESETZT: and p. 74 
DEUTSCHEN for DEUTSCHEN) appear 
to be isolated examples. G.N.H, 


Introduction to Nuclear Engineering 
By Richard Stephenson (.Vew York and 
London, McGraw-Hill, 1954, 387  pp., 
57s. 6d.) 

After the publication of the Smyth Report 

a veil of secrecy descended and little 

or nothing was published regarding 

the American atomic energy project. 

Gradually a few articles on isolated topics 

appeared in various journals, but probabls 

this book represents the first attempt to 

Write a textbook in which the more 

important aspects of atomic energy are 

dealt with in logical sequence, and the 
author is to be congratulated on a worth- 
while effort. 

In the preface it is stated “It is assumed 
that the reader is familiar with the 
standard engineering operations, and onl 
the unique features of nuclear energy are 
discussed. Of necessity the book contains 
only unclassified material, but this has not 
been a serious limitation, since most of the 
fundamental engineering principles have 
been released.” The reader will also need 
to have a basic Knowledge of chemistry 
and atomic physics and, in fact, there 1s no 
doubt that the book its intended for the 
young chemical engineer who proposes t0 
enter the atomic energy field. Having te 
use Only unclassified material is a con: 
siderable limitation; in reading the book 
one is left with the impression that the 
treatment of some subjects is rather vague 
because it was not possible to use classified 
detail. 

Nearly half the book is devoted to the 
theory of nuclear physics, nuclear fission. 
the nuclear chain reactor and_ reactor 
theory. The reader will find that these 
subjects are dealt with in a gratifying! 
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comprehensive manner. The chapter on 
reactor theory Is particul: irly good, notably 
the description of reactor constants and 
characteristics, and the methods of 
determining them. American reactors are 
described in some detail and the deserip- 
tions are supplemented by ilustrations, 
which enable the reader to obtain a good 
general conception of reactor construction. 

Phe remainder of the book ts devoted to 
radiation shielding, materials of construc- 


tion, reactor instrumentation and control, 
separation of stable tsotopes, chemical 
separations and = processing, and tech- 


niques of nuclear engineering. In dealing 
with the first four of these items, the author 
devotes considerable space to the under- 
lying theory and certainly, having mastered 
this theory, the reader will be in a pos:tion 
to approach the practical problems which 
will arise. Chemical separation and 
processing, and special techniques of 
nuclear engineering, receive Only meagre 


consideration and are disposed of in 
some 50 pages. In these sections the reader 
will be beset strongly by the recurring 
suspicion that the practical 


author's 


experience in the atomic energy field ts 


limited. 

In the chapter on radiation shielding, 
reference is made to the maximum 
permissible gamma dose of 0-3 r per 


week, With a maximum daily exposure of 


Q-l r,anda table of comparative exposures 
is given trom which the following have 
been extracted: 
Type of Exposure 
Maximum tolerance dose at U.S. atomic 
energy plants : 
External exposure to naturally radio- 


active materials and to cosmic rays 
Chest X-ray, best conditions 
Average Chest X-ray 
Dental X-rays 
Fatal dose applied to the entire ‘human 
body in a short period of time 


It is stated that the total tolerance dose 
spread over a period of 40 years is 600 Fr, 
but it would have been better to be more 
specific by explaining that the tolerance 
dose of 0-3 r per week is arrived at on the 
assumption that a worker on an atomic 
energy project may be subjected to 
radiation every working day for 40 years. 
By contrast an X-ray examination ts a 
relatively rare event in the life of an 
ordinary person. This would prevent the 
uninitiated looking at the table and 
concluding that either an X-ray exami- 
nation is very dangerous or the tolerance 
limit set for an atomic energy worker ts 
ridiculously low. 

The treatment of shielding culminates 
by deduction of the neutron and gamma 
dose from a pile working at 4000 kilowatts. 
Phe calculation is done step by step and 
vives an excellent idea of the approach to 
the problem, the extent to which present 
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theory can be applied, and the assumptions 
which have to be made. 


Where reference is made to the types of 


radiation and their effects on materials, 
the reader may be rather confused. This 
is due to a certain looseness of phrasing 
rather than fundamental inaccuracy. The 
point can be illustrated by two quotations: 
on page 17!) the statement appears 
“Nuclear radiations are divided into two 
ionising and non-ionising. 
Phe tirst class includes all charged particles 
such as alphas, protons, betas, etc. The 
second class includes all electromagnetic 


general classes, 


radiations and neutrons’, whereas on 
page 222 it is stated “In considering 


radiation damage, the various radiations 
may be divided into two general groups. 
The light particle yvyroup — includes 
betas, gammas, X-rays and other 
electro-magnetic radiations. The inter- 
acon of these light) particles with 
matter is almost entirely through ionising 
processes.”’ 

In the chapter on materials 
Struction, thermal shields are 
to and the statement appears “The 
of a thermal shield is open to some 
question. For exumple, the X-pile has no 
thermal shield, the bare concrete simply 
facing the active section. After 10 years’ 
operation there is no material damage of 
the concrete, Which would indicate that the 
possibility of failure of conerete due to 
thermal stress may be much 
than is generally assumed.” 


of con- 
referred 


use 


less severe 
It should be 





0-1 rem day or 0-3 rem week 


U-0002 rem day 
0-04 1 
0-1-2 r 
| 


1-5 


200-800 r 





pointed out that the X-pile has never 
worked at a power level exceeding 4 
megawatts and it would be inadvisable to 
draw conclusions from observations on a 
pile operating at this lower power. 

In the section on radioactive waste 
disposal, the author refers to contaminated 
solid waste which will arise in a laboratory 
and states “noncombustible wastes include 


evaporator bottoms, incinerator ash, 
contaminated process equipment, floor 
sweepings, and broken glassware’. The 


italics are the reviewer's. In a well-run 
atomic energy establishment it is incon- 
ceivable that floor sweepings would 
contain radioactive material. 

At the end of each chapter is a useful 
and instructive selection of problems. 

The book is not free from criticism, but 
provided the title is taken literally it can 
be highly recommended. It is readable, 
lucid, provocative and stimulating. 
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Microwave Theory and Techniques 

By H. J. Reich, P. F. Ordnung, H. L. 

Krauss, and J. G. Skalnik (New York, 

D. Van Nostrand Co.; London, 

Macmillan, 1953, 900 pp., 75s.) 

Four Professors of Electrical Engineering 
have collaborated in the production of this 
book. 

In these days, when most publications 
on micro-waves contain little mention of 
the practical aspects, it is pleasant to find 
that the balance between theory and 
practice is well maintained. After the 
introductory chapters on vectors, quasi- 
static fields, and dynamic field equations 
(without which no book on microwaves 
appears to be complete), 
waveguide propagation is introduced via 
that of high-frequency transmission lines. 
The various modes of propagation in 
rectangular, circular, and coaxial guides 
are very fully discussed, and the chapter 
closes with a brief mention of ridge wave- 
guides and surface waveguides. 

The following chapter describes wave- 
guide components, many of them in great 
detail, although the travelling detector— 
one of the mostimportant items on a micro- 
Wave test-bench—is barely mentioned. 

The next three chapters deal with 
antenna theory (including slot aerials, 
horns and lenses), measurement of power, 
frequency, impedance, and noise, and 
microwave resonators; the last of them 
contains an unusually long analysis of the 
performance of S-type coaxial plungers, 
which might perhaps have been shortened 
to allow the addition of some information 
on other types of plungers that are in 
more common use. 

The remainder of the book is devoted 
to a comprehensive account of high- 
frequency valves, with equal numbers of 
theoretical curves and measured perform- 
ance curves. After consideration of the 
basic properties of electron beams, the 
subjects covered are, in order, microwave 
amplifiers and oscillators using parallel- 
wire resonators, two- and three-cavity 
Klystrons, reflex Klystrons, magnetrons, 
travelling-wave tubes, and electron-wave 
tubes. Finally, a few laboratory experi- 
ments are suggested as an introduction 
to microwave technique. 

At the end of every chapter there are a 
selection of problems based on the material 
in the chapter, and a lavish bibliography 
is also added for those wishing to obtain 
more detailed information. After the 
adequate subject-index there is a list of 
symbols used: when one compares the 
mathematics in this book with similar 
work in another work, it is obvious that 
reference to this list of symbols is fre- 
quently necessary. 

Microwave Theory and Techniques 1s 
recommended for all students who wish 
to obtain a thorough understanding of 
microwave theory, in particular for those 
interested in radio-frequency valves. The 
practical information will be found useful 
by all engaged on waveguide development, 
In spite of the awesome appearance of the 


‘plumber’s nightmare’, the microwave 
Wheatstone bridge (p. 451). In short, this 


book is a "Microwayv2 Terman’. IP 
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FAR AND NEAR 


Night Sky in October 


The Moon.—Full moon occurs on Oct. 
12d OSh 10m, U.T., and new moon on 
Oct 26d 17h 47m. The following con- 
junctions with the moon take place: 
October 
Sd 24h Mars in con- 

junction with 

the moon Mars = &. 
19d 04h Jupiter ., Jupiter zz 
26d 23h Venus ,, Venus > $. 


In addition to these conjunctions with 
the moon, Jupiter is in conjunction with 
Uranus on Oct. 8d 04h, Jupiter being 
04S. On Oct. 9d 11h, Mercury is in con- 
junction with Saturn, Mercury 5 6’S., and 
on Oct. 24d 11h Mercury is again in con- 
junction with Saturn, Mercury 7s. 

‘ The Planets.—Mercury is an evening 
star throughout most of the month, but sets 
too soon after the sun to be observed and 
is in inferior conjunction on Oct. 29. 
Venus sets nearly 40 minutes after sunset 


at the beginning and middle of the month 


and about the time of sunset at the end of 
the month and will not be visible for long 
in the evenings. The visible portion of the 
illuminated disk varies from 0-333 to 0-071 
during October and the stellar magnitude 
from —4-3 to —4-0. The distance of the 
planet from the earth varies from 45 mil- 
lion to 28 millions of miles during the 
month, and the greatest brilliancy is 
attained on Oct. 11 when its distance from 


the earth is nearly 39 million miles. It is 
an interesting problem to compute the 
time of maximum brightness of a planet 
when the visible portion of its illuminated 
disk is decreasing (or increasing) and at the 
same time its distance from the earth is 
decreasing (or increasing), because in each 
case when the two factors are increasing 
or when they are decreasing, they act 
against each other, but there comes a time 
when one or the other just exceeds the 
opposite tendency and maximum bright- 
ness Occurs. Mars, an evening star, sets 
about 22h 10m during October. It still hes 
rather low for good observations in the 
British Isles. It is easily recognised by its 
ruddy colour, stellar magnitude —0-4 to 
0 from Oct. | to 31, and about Oct. 6 it ts 
very close to the star S52 Sagittarii. Jupiter 
rises at 23h 20m, 22h 35m and 21h 40m at 


the beginning, middle and end of the 
month, respectively, and is easily recog- 
nised in the constellation Cancer, though 


it will not be close to any conspicuous star 
during October. Its stellar magnitude 
increases from —1:7 to —I1'8 but this 
slight alteration in brightness will not be 
easily detected by ordinary observation. 
Saturn sets at 18h 45m, 17h 55m and 16h 
55m on Oct. 1, 15 and 31, respectively, 
but is too close to the sun for favourable 
observation and is in conjunction early in 
November. 

The Orionid meteor shower attains its 
maximum on Oct. 20-23, and moonlight 


a4 


will not interfere with observations except 
in the morning hours. The radiant of this 
shower is not close to any bright star in 
Orion, but lies a little S.W. of the star - 
Geminorum, or about one-fourth of the 
distance between this star and x Orionis 
(Betelgeuze), a brilliant red star of first 
magnitude whose diameter is hundreds of 
times as large that of the sun, but 
whose temperature is less than half the 
sun's temperature. 


as 


The Radio Show 

A general impression of the National 
Radio Exhibition, which closed at Earl's 
Court on September 4, was that of steady 
improvement in quality in all three classes 
of entertainment: sound radio, sound 
reproduction and television. In addition, 
there were one or two novelties, such as 
the E.M.1I. magnetic-tape recorded music 
programmes (lasting for an hour and 
retailing at three guineas), the combined 
radio set—kettle—alarm clock, a metal- 
diaphragm loudspeaker, and the first 
21-in. rectangular cathode-ray tube. 

The approach of commercial television 
was reflected in the facilities provided in 
nearly all receivers for tuning to alterna- 
tive wavelengths. The methods by which 
this is accomplished vary among indi- 
vidual manufacturers, and it will be in- 


teresting to see which survives under 
‘field’ conditions. Most manufacturers 


have used a 12-position turret tuning 





The common test of tincture of 


** Dr. Clark then exhibited his method of ascertaining quantitatively the com- 
parative hardness of water by means of the common test of tincture of soap, 


illustrated by experimental evidence, to prove the accuracy of 
susceptible and the facility of its application.” 


Dr. Clark gave his demonstration at one of the first meetings of the 
newly formed Chemical Society in 1841, and the above is an abstract 


which it is 


rs 


from Volume I of the Proceedings. 

The B.D.H. catalogue still includes Clark’s Soap Solution and 
testifies to the remarkable permanence of his technique. Greater 
accuracy and convenience in total hardness determination, however, 
are now obtained from the B.D.H. Hardness Solutions and Indica- 
tor based on the use of ethylenediamine-tetracetic acid as advocated 


by Schwarzenbach and others. 
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switch, each position having a fixed tuning 
coil. An alternative is a 2-way band 
switch with two continuously-variable tun- 
ing knobs. This method has the advantage 
that it can be accurately tuned to allow 
for possible frequency drift and also 
allows for tuning to additional stations 
in the band. 

A slight improvement on this method 
is to combine the tuning knob with the 
band-switching knob, as is done in some 
communication receivers. Finally, there 
are sets to which a tuner can be added 
later by plugging in or by fixing screws 
and contact studs. 

The modern trend in tube sizes is to- 
wards a 17-in. screen diameter, although 
the 14-in. screen runs close in popularity. 
The 9-in. tube has disappeared altogether, 
and replacements will not be available for 
this size in a few years. 

In spite of the B.B.C.’s announcement 
that the new station will be operating on 
V.H.F. from Wrotham in January next 
(and in fact, is transmitting at the present 
time), only a small number of sound 
receivers are equipped with the necessary 
circuits for frequency-modulated recep- 
tion. Among them are sets made by Bush 
Radio, Cossor, EKCO, Ferguson (whose 
advertisements dominated the approach 
to the Show), and Murphy Radio. A few 
adaptors were available, mainly for attach- 
ment to existing models. 

One of the noteworthy features of the 
exhibition was the interest taken in high- 
quality sound reproduction, stimulated 


by the extraordinarily good quality of the 


modern long-playing record. Gramo- 
phone reproducers are now made as a 
separate instrument and are not cumbered 
with radio receivers. The new pick-ups 
with sapphire reproducing points will 
play over 100 record sides without needing 
renewal and it is claimed for one of the 
light-weight pickups that “it will track 
with ease any modulation that can be, or 
is ever likely to be, recorded on a disc.”’ 
The sound of a plate glass window being 
smashed, as reproduced from a modern 
gramophone, has to be heard to be 
frightened at. 

For those interested in electronics and 
non-radio apparatus the gallery stands 
and the area taken over by the Services 
were the chief attraction. The Royal 
Navy exhibit included fire control equip- 
ment as used on shipboard, an under- 
water camera for exploring the sea bed, 
and an elegant piece of experimental 
apparatus referred to as an electronic 
clock (made by A.S.R.E.). An ordinary 
clock face was reproduced on the screen 
of a cathode-ray tube by means of suitable 
waveforms applied to the deflector plates 
to produce the outline of the numerals. 
In the centre of the face the time was also 
indicated by a further set of numerals, 
and the hands were provided by a 
rotating luminous trace after the manner 
of a PPI indicator. 

The feature of the clock which attracted 
most admiration was the method by which 
the numerals at the centre of the dial were 
changed at each minute, as they appeared 
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to float inwards from the corresponding 
numerals at the edge of the dial. The 


process was readily explained in terms of 


the usual bias voltages and capacitor dis- 
charges of long time constant, but the 
effect to the non-technical visitor was 
mysterious and compelled him to wait 
another minute to see the figures drift into 
their correct place. This clock would 
prove a constant attraction in the Science 
Museum and should not be dismantled 
after the Show. Another’ electronic 
exhibit which attracted attention was the 
flying-spot microscope, which had already 
been demonstrated at the Physical 
Society's Exhibition this year. Among the 
research apparatus were several forms of 
stroboscope, a seed sorter, an electronic 
stethoscope and a camera shutter timer. 
Those who visit the Radio Exhibition 
regularly can note the change which is 
gradually taking place towards better 
value for money in all the types of 
receiver shown. Aided by the slight 
reduction in purchase tax in 1953, prices 
have fallen steadily during the past four 
years, as the following figures show: 

1950 1954 
12-in. Television set £68 £56 
Large screen set £170 £123 
The Board of Trade Price Index, which 

stood at 100 in June 1947, is now 98-5 
for radio receivers and 84-3 for television 
receivers. This figure, which reflects 
change in quality and other factors, gives 
a good indication of how the increased 
demand for television has enabled the 
price to be reduced. Although colour 
television is spoken of as the next im- 
minent advance, there is no tendency at 
present to hold back on the buying of 
ordinary receivers, and those who invest 
in one this year will find that they have 
had their full money’s worth by the time 
of the next major improvement. 


Stereoscopic Television 

The late J. L. Baird, true to his policy of 
demonstrating all possible applications 
and variations of television, showed 
far back as 1941 that a stereoscopic pic- 
ture in television could be produced. His 
system showed two coloured pictures 
side-by-side on the screen, and the viewer 
was able to view them in stereoscopic 
relief through red and green glasses. The 
principle is familiar, but the application 
at that time was novel. 

Since then various demonstrations of 
colour and stereoscopy have been given, 
and in America a_ stereo television 
camera has been used to enable an 
operator to manipulate dangerous sub- 
stances by remote control. 

Stereoscopic vision using a form of 
‘viewer aid’ seems to be the preferred 
method, and a system of this type has 
now been demonstrated experimentally 
by Pye Ltd. If two television cameras are 
used, as in the methods developed in 
America, the received pictures are shown 
on two separate adjacent screens, polarised 
by filters and then viewed as a combined 
superiinposed image through polaroid 
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glasses. Pictures reproduced side-by-side 
on the face of a tube can be stereoscopi- 
cally viewed by a form of optical viewer 
as used for ordinary photographic views. 
There are, however, objections to this 
method, principally in the narrowing of 
the picture dimension and in the diffi- 
culty which some viewers have in mentally 
merging the pictures. Writing of the pos- 
sibilities of stereo-television, H. Dewhurst 
says in his book, /ntroduction to 3-D (just 
published by Chapman & Hall, at one 
guinea): “Only those methods employing 
‘viewer-aids’ appear to be practicable. Of 
these, only that of the optical/polaroid 
type is capable of putting a third dimen- 
sion on the air while satisfying the 
requirements for compatibility and band- 
width to a reasonable degree of com- 
promise. The ideal—stereo-television of 
the integrating type—is not in sight.” 


American Chemical Society Honours an 
Editor 

At the 126th national meeting of the 
American Chemical Society, held in New 
York last month, one of the world’s most 
influential scientific editors was presented 
with a scroll of honour for his services to 
the chemical profession. He is Dr. 
WALTER J. MURPHY, editor of American 
Chemical Society’s official publication, 
the weekly Chemical and Engineering 
News, and of Industrial and Engineering 
Chemistry, Analytical Chemistry, and the 
Journal of Agricultural and Food Chemistry 
He also is director of the A.C.S. News 
Service. 

Widely known as an author, lecturer 
and spokesman for the chemical pro- 
fession, Dr. Murphy was sent to Germany 
after World War II on a mission for the 
U.S. Joint Chiefs of Staff to investigate 
wartime developments in the German 
chemical industry. He was a technical 
representative at the Bikini atom. bomb 
test, and is a member of the Atomic 
Energy Commission’s Advisory Com- 
mittee on Technological Information. He 
is also a consultant to the U.S. Army 
Chemical Corps. 

After several years of varied experience 
in the chemical industry, Dr. Murphy 
entered the editorial field in 1930 as 
managing editor of Chemical Markets, 
later Known as Chemical Industries. \n 
1942 he joined the staff of the American 
Chemical Society. 


A Colombo Plan Appointment 

H. R. Mills, who has had long experience 
with scientific liaison work abroad through 
his association with the Science Depart- 
ment of the British Council, has been 
appointed Scientific Adviser to the British 
Government in South and East Asia. His 
headquarters will be in Colombo, and he 
will deal largely with protects under the 
Technical Co-operation Scheme (the 
‘Colombo Plan’). Mr. Mills is well known 
to technical and scientific men in Asia, his 
travels having taken him to many places in 
India, Pakistan, Ceylon, Burma, Malaya, 
Nepal! and Indonesia. 
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